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Executive Summary

This document presents guidance for the expeditddntification of
environmental hazards associated with contaminsdé@nd groundwater and the
preparation oEnvironmental Hazard EvaluatiofEHE) reports. This guidance
should be used in conjunction with the HEER offl@xhnical Guidance Manual
(HDOH 2009 and updates). The useDs#cision Unitand Multiple-Increment
Sampleinvestigation approaches is in particular encoedatpr comparison of
site data taEnvironmental Action LevelEALS) presented in this guidance. A
similar but less Hawai‘i-specific “Pacific Basintdgion of this guidance has been
prepared for use in the Commonwealth of the Northdariana Islands and
Guam (PBESL 2008 and updates; check with the lowadrseeing regulatory
agency for concurrence to use the guidance).

An Environmental Hazard Evaluatioshould be carried out at all sites where
contaminated soil or groundwater is identified. bAef but properly prepared
EHE will in most cases replace what is traditiopaleferred to as an
environmental “risk assessment.” An important pérthe EHE is the use of pre-
approved, EALs included in the lookup tables &ALl Surferincluded in this
guidance document (referred toEsvironmental Screeningevels orESLsin the
Pacific Basin edition of the guidance). The EAls ased to rapidly screen soll,
soil gas and groundwater data collected for a siel identify potential
environmental hazards. Under most circumstanaes, vathin the limitations
described, the presence of a chemical in soil, ga8 or groundwater at
concentrations below the corresponding Tier 1 EAh be assumed to not pose a
significant threat to human health and the enviremm This allows sites or
portions of sites with minimal or no contaminatitm be quickly cleared for
potential environmental concerns, a task which¢@alsily take months or even
years using a traditional, environmental risk assent approach.

Site-specific risk assessments for contaminantsoih were reasonable in the
1980s when only a small number of cases were heuesgtigated. The caseload
exploded in the late 1980s and early 1990s, howesad agencies were
overwhelmed with case work. This was highly detnta¢ to the regulated

community from a legal and financial perspectivéhwhe average time required
to prepare, review and accept a risk assessmeaeexg a year. This spurred
the publication of conservative, but usually opéibrsoil action (screening) levels
in the early 1990s by the USEPA and a progressimehgasing number of states,
with HDOH publishing the first edition of actionviels in 1995.
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The EALs incorporate an enormous amount of techeixgertise across fields as
diverse as toxicology, geology, chemistry, physeézlogy, engineering and even
economics. Much like driving a car, however, iht necessarily to understand
the technical intricacies of the EALs in order tgseuthem. As potential

environmental hazards are identified, additionglegkise can be brought in as
deemed necessary and cost-beneficial for remediafithe contamination.

Exceeding the Tier 1 EAL for a specific chemicakgdaot necessarily indicate
that the contamination poses significant envirortaeroncerns, only that
additional evaluation is warranted. A detailedieev of specific hazards and
preparation of alternative action levels can beiedrout at the discretion of the
responsible party if time- and cost-beneficial és otherwise required by the
HEER office). This can include the preparationaodetailed, human health or
ecological risk assessment, although this levelfioirt will rarely be required for

typical sites.

An EHE serves as the link between site investiga#ictivities and the selection
of final response actions. The site investigatan be modified to ensure that
adequate types and amounts of data are collectgubt@tial environmental
hazards are identified. For example, soil gas lshbe collected if a comparison
of initial soil or groundwater data to action lewahdicates a potential vapor
intrusion hazard. Once the site investigation anHEEare completed,
Environmental Hazard Mapsan be prepared to summarize the findings of the
investigations and serve as a tool to help guide design subsequent remedial
efforts. The type of remedial actions requiredhat site will vary, depending on
the nature of the environmental hazards identifeed., soil removal or capping to
address direct exposure or leaching hazards vemlugapor extraction to address
vapor intrusion hazards).

The following information should be included in BRIE (or included in a report
that contains the EHE):

1. Site History: Brief summary of the site history and operatiomst tlead to
the release of hazardous chemicals;

2. Past Investigations and Remedial Actions: Overview of past
investigations and remedial actions;

3. Extent and Magnitude of Contamination: Summary of the extent and
magnitude of contamination in soil, soil gas andjamundwater above Tier 1
EALs, clearly depicted on to-scale maps of the site
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4. Identification of Potential Environmental Hazards: Identification of
potential environmental hazards by comparison @& soil, soil gas and/or
groundwater data to Tier 1 EALs as well as actewels for specific hazards
(latter especially important at sites where fudlazlup to the Tier 1 EALs will
not take place or alternative action levels willdessidered);

5. Detailed Evaluation of Specific Environmental Haards (optional):
Detailed evaluation of specific environmental hdsawusing approaches
described in this document or alternative approsieipproved by HDOH,;

6. Conclusions and Recommendation$rovides a summary of EHE findings
and recommendations for followup actions.

The level of detail needed in the EHE will vary degding on the nature of the
contamination and anticipated cleanup actions. a8idEHE should be used to
screen for potential environmental hazards, idgrtdta gaps and complete the
site investigation. The completed EHE should cashelwith recommendations
for followup actions, such as no further actionllestion of additional data to
better evaluate a specific environmental hazardewaluation of remedial
alternatives. At sites where full cleanup is nosgible, an “as-built” EHE should
be used to document the extent and magnitude cfinémy contamination as well
as potential environmental hazards posed by theagonation in the absence of
institutional or engineered controls. This “asliieHE serves as the basis for an
Environmental Hazard Management Pltrat describes ongoing measures to be
taken to ensure that the contamination is propadypaged in the future.

The Tier 1 EALs presented in the lookup tables areNOT regulatory
"cleanup standards". Site-specific action levels and cleanup levels are,
however, subject to the approval e Hawai'i Department of Health EALS
presented for chemicals that are known to be higtipdegradable in the
environment may be excessively conservative forassénal cleanup levels (e.g.,
many petroleum-related compounds). Stand aloneiuse Tier 1 EALs may be
inadequate in some cases. Examples include sitbsaviigh public profile that
cannot be fully cleaned up and require a detailsdudsion of potential risks to
human health. Other examples include sites whésesipal conditions differ
drastically from those assumed in development ef EHALS (e.g., mine sites,
landfills, etc., with excessively high or low pHhd sites where impacts pose
heightened threats to sensitive ecological habitditse of theEALs as stand
alone screening criteria or final cleanup levelswdth be evaluated in terms of
overall site conditions and potential environmerttatards, the cost/benefit of
developing site-specific cleanup levels as weltles pros and cons of full site
cleanup versus long—term management.
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The Environmental Hazard Evaluatioapproach described in this guidance is
applicable to any site where contaminated soil graundwater are identified,
including sites that fall under the purview of tBemprehensive Environmental
Restoration and Reclamation Act (CERCLA). The guitk will be of particular
benefit to small-business owners and property osvrveith limited financial
resources, for whom the preparation of tradition&perfund-type risk
assessments is generally not feasible or even sages The guidance is
particularly useful as a rapid and cost-effectiemltfor the evaluation of
brownfield or potential brownfield properties. $hguidance will be updated as
needed, in order to incorporate changes in thereeéed sources as well as
lessons gained from site investigation and resp@w®ns. Comments and
suggestions are welcome at any time and shouldubenited to the contacts
noted at the beginning of this document.
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Introduction

1.1 Environmental Hazard Evaluation

Environmental Hazard Evaluations the link between the discovery of
contaminated soil or groundwater during tbie investigationand response
actionstaken to address this contamination (Figure 1Dyring this step of the
overall environmental response process, the presencabsence of potential
environmental hazards associated with contaminatedd and groundwater is
determined. This is carried out initially by comigan of site data to pre-
approved, Environmental Action levels (EALs) prasenin Tables A through F
at the end of this volume. If potential concerns eonfirmed, then the specific
hazards posed by the contamination are identiflegineed for additional data to
complete the site investigation is determined drel dgreparation of appropriate
remedial actions is recommended.

Once the site has been adequately characterizedndist appropriate remedial
action is determined. For sites where the extémoatamination is minimal or
time is of the essence, the most cost-beneficeparse may be the immediate
removal of the contaminated media. In other cases, potential cost of
remediation or difficulty in accessing the contaation could preclude a
complete cleanup. An advanced evaluation of sjgeeifvironmental hazards is
usually warranted at such sites. This may invdlve development of site-
specific cleanup levels and remedial actions taesidthe most pressing hazards
(e.g., discharges of free product into storm sewarsvapor intrusion into
overlying buildings). The extent and magnitudethe® remaining contamination
and the specific environmental hazards posed by cth@amination is then
documented in final site investigation and envirental hazard evaluation report.
This is then used to prepare Bnvironmental Hazard Management Plamat
presents guidelines for long-term management of tl@tamination and
associated institutional and engineered controls.
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1.2

Environmental Hazard Evaluationgsre therefore an integral part of site
investigations and remedial actions. Site invesiips and remedial actions
carried out in the absence of a basic understarafinige environmental hazards
posed by contaminated soil or groundwater runigheaf being incomplete. This

can result in later, unanticipated requirements é&lditional actions and

unnecessary delays and costs needed to bring tpenty back into productive

use. The guidance presented in this document &ndetd to help avoid such
surprises and make the investigation, evaluatiahramedial action process as
effective and efficient as possible.

Targeted Environmental Hazards

A basic understanding of environmental hazards céessal with contaminated
soil and groundwater is critical in the overall #gammental response process (see
Figure 1-1). Common environmental hazards thatilshbe initially screened for
at all contaminated sites include:

Soil:

= Direct-exposure threats to human health;

= Intrusion of subsurface vapors into buildings;

= Leaching and subsequent threats to groundwateuness

= Threats to terrestrial habitats;

= Gross contamination and general resource degradatiocerns;

Groundwater:

= Threats to drinking water resources;

Threats to aquatic habitats;

Intrusion of subsurface vapors into buildings;

Gross contamination and general resource degradadiacerns.

For the purpose of this document, "soil" refersaty unlithified material in the
vadose zone that is situated above the capillamgdrof the shallowest saturated
unit. Soil data should be reported on dry-weigdsi® (see Appendix 1, Section
7.3). Tier 1 Environmental Action Levels (EALs)rfsoil presented in this
guidance arenot directly applicable to soil that is situated withihe capillary
fringe zone or below the water table. This is lseathe leaching models assume
that the soil is not in direct contact with grourader and the direct-exposure
models assume the soils are or could be expos#t around surface and are
relatively dry (latter increases assumed vapor €ons; refer to following section
and Section 2.4).
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A brief description of each hazard is provided igufe 1-2. Detailed discussions
of each hazard are provided in Chapters 4 and SmAgpendix 1. Additional
site-specific environmental hazards that may needeéd reviewed on a site-
specific basis include the uptake of contaminantgarden produce and the
erosion and runoff of contaminated soil into neasbsface water bodies.

Note that several of the environmental hazardedisibove are not necessarily
“risk-based,” at least in the traditional regulgtoaise of this term. For example,
soil that is grossly contaminated with petroleumymat pose a toxicological risk
to future residents, but it could pose significadbr and nuisance concerns and in
some cases even result in explosive levels of wjposoil gas. Although it may
seem counterintuitive, it is quite possible (andfotnately common) for
traditional, human health risk assessments to odecthat soil is “nontoxic,”
even though the soil would ignite if a match waspgred on it. Nevertheless, the
fact that the solil is flammable is clearly impottém identify and discuss in the
environmental hazard evaluation. Gross contan@natan also complicate future
construction or subsurface utility activities thaquire disturbance of heavily
contaminated soil or groundwater. Leaching of aombhants from soil into
groundwater is also important to consider, evemghothis is often neglected in
traditional risk assessments. Discharges of cointed groundwater or free
product into surface water bodies, either naturaltyvia seepage into storm
sewers or via discharge during construction-reladedatering activities, can
likewise pose significant environmental hazardadoatic habitats.

The environmental hazard that drives the potengs&d for remedial action at a
contaminated site depends on the toxicity and ntgbibf the targeted
contaminants (refer to Appendix 1). Soil contartedawith chemicals that are
that are highly toxic to humans and relatively inim® (e.g., arsenic, lead, PCBs,
etc.) will usually be flagged for potential direexposure hazards. Soll
contaminated with chlorinated, volatile chemicdiattare potential carcinogens
(e.g., PCE or TCE) or soil contaminated with gasolor diesel fuel is typically
flagged for potential vapor intrusion hazards. | $ontaminated with petroleum,
solvents or highly mobile pesticides (e.g., TPHodjae or diesel, BTEX, PCE,
atrazine, etc.) will often be flagged for potentildaching hazards. Soll
contaminated with pesticides or metals that aretikely non-toxic to humans
(e.g., barium, copper, nickel, etc.) can pose 8gant toxicity hazards to
terrestrial flora and fauna and an ecological askessment might be require is
sensitive habitat have been impacted.

Drinking water toxicity hazards are almost alwayentified for aquifers
contaminated with hazardous chemicals. As is #se dor soil, vapor intrusion
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1.3

hazards will often be identified for groundwatentaminated with carcinogenic,

volatile chemicals. A number of chemicals posesptal aquatic toxicity hazards

at relatively low concentrations, if the groundwateere to discharge into a
sensitive aquatic habitat. Free product on groutelnw@oses gross contamination
hazards that could lead to sheens or odor in sunfater if allowed to migrate

offsite (as well as vapor hazards). Gross contatian hazards could also be
identified for drinking water contaminated with ohieals that have a low taste
and odor threshold (e.g., TPH, ethylbenzene, telurylenes, MTBE).

Tier 1 Environmental Action levels

Tier 1 Environmental Action level{Tier 1 EALs) are concentrations of
contaminants in soil, soil gas and groundwater abatich the contaminants
could pose a potential adverse threat to humarttheald the environmental.
Figure 1-3 summarizes the use of the Tier 1 EAExceeding the Tier 1 EAL
does not necessarily indicate that contaminatiothatsite poses environmental
hazards. It does, however, indicate that additiemaluation is warranted. This
can include additional site investigation and a endetailed evaluation of the
specific, tentatively identified hazards. The auctilevels, or approved
alternatives, can be used to delineate specifiasa the site that require
remedial actions. These actions can vary, depgnaiinthe hazard present and
site conditions. An overview of the developmehthe Tier 1 EALSs is provided
in Chapter 2. A detailed discussion of the conjpifaand development of the
EALs is provided in Appendix 1.

1.3.1 EAL Surfer

The EAL Surfer, an Excel-based version of the Iqgolp tables, makes use of the
EALs and the identification of potential environmenhazards at contaminated
sites especially easy. The EAL Surfer is availdtedownload from the Hawali'i
DOH web page (refer to contact information at bemig of guidance). Use of
the EAL Surfer in Environmental Hazard Evaluatioeparts is highly
recommended. Guidance on use of the Surfer and@gagrintouts are provided
in Chapter 3.

1.3.2 Use of EALs in Site Investigations

One of the most basic uses of the EALs is to ifemotential contaminant of
concern (COPCs) and guide completion of the sikedtigation. The initial list
of COPCs established during a review of past sgerations can be quickly
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narrowed down by direct comparison of soil and gowater data to the Tier 1
EALs. Further consideration of contaminants thaindt exceed Tier 1 EALs is
not necessary. This assumes of course that exidfita are representative of
overall site conditions.

The lateral and vertical extent of contaminatioowdtd be determined for COPCs
that exceed the Tier 1 EALs (or approved, altemeadiction levels). Delineation
of the extent of contamination to laboratory repmytor detection limits is often
impracticable and, from a hazard evaluation stamipainnecessary. The
investigation can be considered complete once #ent of contamination in
excess of Tier 1 EALs (or approved alternativesadsomplished. The use of
field screening methods, mobile labs and quickatoands in laboratory analyses
will help expedite the completion of site investiga activities.

The identification of potential environmental hadsshould begin as soon as the
first data are received. This will help identifyet need for alternative types of
data that will be required for more detailed evabres of specific hazards and
completion of the site investigation. For examgfl@rsenic is reported in soil at
concentrations above 24 mg/kg then laboratory loiessbility tests should be
run on the same sample (refer to Chapter 4). dfrdported concentrations of
volatile contaminants exceed action levels for vaptrusion concerns then soll
gas data should be collected. Incorporating tldesesions rules in the sampling
and analysis plan will help expedite completiortttg site investigation as well
identify potentially significant environmental hada at the site that could require
immediate action.

1.3.3 Use of EALs in Environmental Hazard Evaluations

The most important use of the Tier 1 EALs is theidadentification of potential
environmental hazards associated with contaminsdédcand groundwater (refer
to Section 2.1). With the exception of gross comtation, most of the
environmental hazards noted earlier are not obvioughe field. An initial
comparison of site data to the Tier 1 EALs provided ables A through F will
only indicate if a potential hazard is present.(i‘ges” or “no”). If the Tier 1
EAL is exceeded, site data should be comparedet@éhailed action levels used
to develop the Tier 1 EAL. The specific, potent@ivironmental hazard(s)
associated with the contaminant can then be idedtif This process is described
in more detail in Chapter 3. As discussed aboge, af the EALSurfer will
significantly expedite this process.
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Potential environmental hazards identified in ar Tiegaction level Environmental
Hazard Evaluation can be evaluated on a more géeHg basis as needed (refer
to Chapters 3 and 4). The information gained carused to better define the
need for additional site investigation as well ashelp develop appropriate
remedial options. The level of effort required &mlvanced evaluations can vary
greatly. For example, only a minimal level of effenay needed to rule out
potential hazards to terrestrial ecological habit@t a highly developed
commercial or industrial site that does not contsignificant natural habitat.
Vapor intrusion is typically a potential hazard\@C contaminated sites where
occupied structures are present (or proposed). cbhection of soil gas data at
these sites can be highly useful and in some casgsred. A detailed review of
groundwater data can replace soil action levelddaching hazards at sites that
have remained uncapped for a sufficiently long qeerof time for worst-case
groundwater impacts to take place.

1.3.4 Use of EALs in Remedial Actions

In cases where contamination is limited, easilyeasible and time is of the
essence, it can be more cost-effective to aggmegsigmediate the impacted soil
or groundwater to the Tier 1 EALs. The Tier 1 EA&se not strict cleanup
standards, however, and should not be used as sndases where cleanup costs
could be significant or complete cleanup is notcpecable, the choice is not so
clear and a more advanced evaluation of specitic@mmental hazards is usually
warranted (refer to Chapters 3 and 4). Use ofditimiled EALs presented in
Appendix 1 of this guidance, and in particular wdethe accompanyingAL
Surfer makes the identification of specific, potentialveonmental hazards
relatively quick and easy. The information gaimad then be used to evaluate
specific environmental hazards in more detail agnaetbp more efficient remedial
actions.

Long-term management will be required for sites iwheontaminated soil and
groundwater cannot be remediated in a relativetytsime frame. In such cases,
the detailed action levels presented in this guddafor acceptable alternatives)
should be used to delineate areas of contaminaitiedrsl groundwater that will

require long-term management as well identify as $pecific environmental

hazards posed by the contamination under uncoatrgite conditions. Specific
actions required to address these hazards shoeld be described in an
Environmental Hazard Management PI&HMP). An overview of EHMPs is

presented in Chapter 5 and in the HEER offiechnical Guidance Manual

(HDOH 2009).
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1.4 Decision Unit and Multi-Increment Investigation
Strategies

The use oMmulti-increment samplingnddecision unit(MI/DU) site investigation
strategies is strongly encouraged (Ramsey and H2@05). A brief introduction
to these approaches is provided the Hawai'i Depamtnof Health (HDOH)
technical memorandurAesticides in former agricultural lands and relatectas
(HDOH 2007a). A copy of this guidance is providedAppendix 8. Additional
guidance is provided in the updated edition the HDBazard Evaluation and
Emergency Response (HEER) officel®chnical Guidance ManualHDOH
2009). An overview of the MI/DU investigation appich is provided below.

1.4.1 Decision Units

A decision unit is an area over which a decisiotoibe made regarding the need
to address contamination within that area. (§rispeaking, a decision unit is
really a volume of soil rather than an area, stheethickness of the decision unit
is often a key factor.) A decision unit can beidentified spill area or “hot spot,”
a residential yard, a playground or schoolyardaaen, a commercial/industrial
property or other specific area of interest.

The location, size, and shape of a decision ungedd on the nature of the
decision that will be made using the data to béectdd. For example, if a site is
being sampled to decide whether contaminants posenfial direct exposure
hazards, then the size of the decision unit is dasethe size of the area over
which average exposure is assumed to take placedi5,000 fthouse lot). The

consideration of individual spill areas as separmeision units is generally
necessary to assess leaching, vapor intrusion amsbk gontamination hazards
posed by highly mobile and volatile chemicals. MEgées include releases from
pipelines or storage tanks, as well as heavily amimated portions of pesticide
mixing areas.

Discrete samples, or more preferably multi-incremsamples collected over
small areas, can be useful for delineation of spéla boundaries. The spill areas
themselves should be sampled using multi-incrensamples when feasible,
however. Non-volatile contaminants in spill areas be readily sampled using
multi-increment sampling methods (refer to folloginsection). Volatile
contaminants can also be investigated with muttigment sampling in these
areas, although details are still to be workedavuappropriate field methods for
multi-increment sampling to minimize VOC loss.
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When using a decision unit strategy, the entire area decision unit is acted
upon as a single entity based on the data colldcted that unit, regardless of
internal variation. If the data suggest that remaln is required, then this applies
to the entire decision unit. This makes it impottaluring the selection of

decision units to isolate areas of obvious, heauytamination in order to reduce
the volume of soil or groundwater that must beteéaThe isolation of heavily

contaminated areas can be based on previous sgngdia or other relevant
indicators such as variations in soil type acrtes dite, the presence of visible
soil stains or stressed vegetation, knowledge ef pse of chemicals at the site,
site topography, etc.

Alternative approaches for the use of decision atridtegies at very large sites
(e.g., >50 acres) are briefly discussed in the N897 HDOH guidance for

pesticide-contaminated sites provided in AppendifH®OH 2007a). In cases
where large areas must be assessed, the cost pliirsgamhen setting the decision
unit to the size of a 5,000-square-feet residelhioalse lot may be very high. To
reduce sampling costs, initial screening of theaaom the scale of large,
neighborhood-scale decision units is recommendddre detailed investigation

can then be carried out on randomly selected daecisinits the size of

hypothetical residential lots. This approach capedite the investigation and
clearance of large tracts of land while also prongda relatively high degree of
confidence in the data collected.

1.4.2 Multi-Increment Samples

Multi-increment samples should be collected fromlested decision units
whenever practicable. This sampling approach resluthe variability and
improves the reliability of decision unit data i@ngparison to conventional,
discrete sampling strategies. Thirty to fifty smalirementsof soil (typically 10
to 50 grams per increment) are collected from egmécific decision unit of
interest (see previous section). The incremengs callected in a stratified-
random manner (e.g., by collecting increments whviglking up and down
adjacent rows) and physically combined into onemanThe combined sample is
analyzed to obtain a representative contaminantesgration for the entire
decision unit. Multi-increment sampling data typligehave low variability and
high reproducibility, which results in a high levet confidence for decision-
making. Multiple multi-increment samples collecteaim the same decision unit
are referred to aseplicates Data for replicate samples can be statistically
analyzed to help evaluate the precision of thedfishmpling methodology.
HDOH recommends that three replicate samples, resfeto astriplicates be
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collected in 10% of the decision units to be iniggged (minimum one set of
triplicate samples per site).

Multi-increment sample mass is based on partide and generally ranges from
500 to 2,000 grams. The laboratory dries the sangotd sieves it to <2mm
particle size (this may also be done in the fiel8). obtain a representative
subsample, the field sample must be processedasdahd entire “population” of
soil particles is accessible for collection. Subpéng can be accomplished with
a sectoral splitter or by collecting a multi-incremh sample using the same
approach as used to collect the field sample btit syhaller tools and increment
masses. A minimum subsample mass of ten gramsdnmended in order to
reduce lab fundamental error due to the range dicfmsizes being tested. Note
that this is greater than typically called for onee USEPA laboratory methods,
especially for metals. Handling and analysis cdrgér subsample mass should be
discussed ahead of time with the laboratory.

Multi-increment samples can be collected for botmvolatile and volatile

contaminant analyses. When collecting samples folatle contaminants,

increments must be placed into an extraction swiuii the field (e.g. methanol)
in order to prevent VOC loss. However, since isswdsted to field extraction
solutions, methanol transportation in the fieldprapriate sample containers,
elevated laboratory method reporting limits, etare still unresolved, this
approach is not yet widely used. In the meantins@sualtants who would like to
use the approach should provide sampling and asatysk plans to HDOH for

review and ensure close coordination with the kecgilaboratory.

1.5 Guidance Organization

Volume 1 of this guidance document is kept intemdlty brief and as non-

technical as possible. The scope and use of the ITEALs is summarized in
Chapter 2. Chapter 3 discusses the preparatidoasi€ Environmental Hazard

Evaluations Chapter 4 presents more advanced approachésef@valuation of

specific environmental hazards. The final chaptevides guidance for the long-
term management of contaminated sites that carmeiabily remediated, with a
focus on petroleum-related contamination. TecHhndetails regarding the

compilation and development of the Tier 1 EALs discussed in a series of
appendices presented in Volume 2. The EAL Sunfier &dvanced models that
accompany this guidance document are availabledamload from the Hawai'i

DOH HEER office website (see contact informatiofrant of document).
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1.6 Limitations

The Tier 1 EALs presented in the lookup tables areNOT required,
regulatory "cleanup standards". Use of theEALs as actual cleanup levels
should be evaluated in view of the overall siteestigation results and the
cost/benefit of performing a more detailed envirental risk assessment. The
EALs are intended to be conservative for use avélsé majority of impacted sites
in developed areas. As discussed in Chapter 4evenystand-alone use of the
EHE approach may not be appropriate for final assest of all sites. Examples
include:

= High profile sites that cannot be fully cleaned aqpd warrant a detailed,
traditional human health or ecological risk assesgm

= Sites where more than three known or suspectednogens or more than
five chemicals with similar noncarcinogenic healéffects have been
identified (generally not required at petroleumtzoninated sites; see
Section 2.10 and Appendix 1, Section 4.2);

= Sites where inorganic chemicals (e.g., metals) @otentially mobile in
leachate due to soil or groundwater conditionsedéiit than those assumed in
development of the lookup tables (e.g., low pH damas at mine or landfill
sites); and

= Sites affected by tides, rivers, streams, heawyfalj etc. where there is a
potential for erosion of soil and concentrationcointaminants in aquatic
habitats through transport and deposition of comtatad soil particles.

The need for detailed human health or ecologichkl assessments in these cases
should be discussed with HDOH on a site-by-sitesbas

Soil EALs do not consider potential water- or wirgdated erosion and deposition
of contaminated particles in a sensitive ecolognedditat. This may especially be
of concern for contaminants that are known to hmadgumulative in aquatic
organisms (e.g., mercury, PCBs and organochlorestig@des) or heavy metals
that are only moderately toxic to humans but higbkic to aquatic and terrestrial
biota (e.g., copper). At sites that pose an elevdleeat to sensitive aquatic
habitats, measures should be taken to mitigatenpakteerosion and runoff
concerns.
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Evaluation of landfills and sites impacted by mwastes may in particular
require a more detailed evaluation of contaminaté find transport in soil and
groundwater, as well as groundwater-surface waleractions, due to low pH
issues. Action levels for leaching of metals in soé not considered reliable and
are not included in the Tier 1 EALs. Lab-based md#hito evaluate this potential
hazard are discussed in Chapter 4.

It is conceivable that soil, groundwater and s@it gction levels developed to
address the emission of chlorinated volatile organmpounds to indoor air may
not be adequately conservative in some cases. i¥hsost likely to occur in
enclosed buildings sites with poor ventilation desior buildings with flooded
basements. Additional guidance on the site-speeifaduation of vapor intrusion
hazards is provided in Chapter 4.

The groundwater action levels presented in the Upotables do not directly
address the impact of long-term discharges of cointdted groundwater on
sediment quality. The accumulation of potentiablxit metals in sediment over
time could require a more detailed evaluation anescsites. The buildup of
highly-sorptive (lipophilic), organic contaminanis sediment over time could
likewise be a concern for petroleum-contaminatadssthat are immediately
adjacent to sensitive aquatic habitats (e.g., PAHS other heavy petroleum
compounds).

Direct-exposure action levels for construction amench workers are
incorporated into the Tier 1 soil EALs (see Append). The action levels
consider ingestion and dermal contact with contateith soil as well as the
inhalation of vapors and dust, based on a congrugtorker exposure scenario.
The model used to evaluate inhalation of vapors nayully consider soil that is
being disturbed during excavation or exposed imdhes, however.DOH is
investigating the use of alternative models to make action levels more
applicable to these circumstance$n the interim, exposure of workers to
volatile contaminants in soil during construction @ trench-related activities
should be minimized and discussed in a properly ppared health and safety
plan.
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Environmental Action levels

2.1 Introduction

Environmental Hazard Evaluationas described in Chapter 3, are based on the
use ofEnvironmental Action Level@EALS) to quickly screen soil, soil gas and
groundwater data for potential environmental hazardAs reviewed below,
individual action levels were developed to addreash of the environmental
hazards described in Section 1.2 for each contarmirsied in the lookup tables,
as available and applicable (refer to Figures hd B2). The lowest action level
represents the concentration of the contaminattidrrespective media where the
threat to human health or the environment is caneal to be insignificant under
any site condition. This is selected as that comantsTier 1 EAL. Soil and
groundwater Tier 1 EALs for approximately 150 conmmoontaminants are
summarized in Tables A through D. Action levels $oil gas, indoor air and
surface water are presented in Table E and F. tAildeé discussion of the
development of the Tier 1 EALs is provided in Apgisrl.

The presence or absence of potential environméaizrds at a contaminated site
is determined by the direct comparison of soilugbwvater and/or soil gas data to
Tier 1 EALSs for targeted contaminants of conceixceeding the Tier 1 EAL for
a specific chemical does not necessarily indicage the contamination poses a
significant threat to human health or the environtneonly that additional
evaluation is warranted. The level of detail reedifor the additional evaluation
will vary. In some cases it may be more cost-beradfto simply remediate the
site to the Tier 1 EALs than to conduct an advar@eduation. A more detailed
evaluation of specific environmental hazards isegelly warranted in cases
where significant cleanup costs may be incurrecgre/tpublic sensitivity of the
site is high or where long-ternm-situ management of the contamination is being
considered.

More advanced approaches for evaluating specificards are presented in
Chapter 4. The advanced approaches range frotivedyasimple methods that
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do not require significant expertise in the specifazard under investigation to
very complex methods that will require a high legékechnical expertise. It is
anticipated, however, that only a very small numiesites will warrant highly
technical and detailed environmental hazard evialnsit

The EAL Surfer (Excel-based electronic lookup taplencluded with this
guidance provides a relatively quick and easy nektiooscreen site data and, as
needed, identify specific, potential environmeriiakards (refer to Chapter 3).
Sample printouts from the Surfer can be includethe appendices of an EHE
report for referenceUse of the EAL Surfer to prepareEnvironmental Hazard
Evaluations is strongly recommended.

2.2 Organization of Lookup Tables

The Tier 1 EAL lookup tables are organized to wtfleur defauliconceptual site
models for contaminated sites in Hawal‘i, based on groueier utility and
proximity to a surface water body (Figure 2.1):

Drinking Water | Drinking Water
Resource Resource NOT
Threatened Threatened
<150m to
surface A-1 B-1
water
>150mto
surface A-2 B-2
water

The first table presents soil and groundwater ackwels for sites that directly
overlie a current or potential source of drinkingter (Table A). Two sets of
action levels are provided, one for sites withi®d5(500 feet) of a surface water
body and one for sites located more than 150m (86f) from a surface water
body. A second table presents a similar set abmadévels for sites that do not
directly overlie a current or potential source ohking water (Table B).

The Tier 1 EALs for soil assume that contaminateitlis exposed at the ground
surface or could be excavated and spread out grthend surface at some time
in the future. The Tier 1 EALs further assume ttheere are no restrictions on
current or future use of the property, includingtgmbial use as residential
housing, schools, day care, health care, etc. dgpsoach minimizes the need for
restrictions on future site use and highlight sttt must be properly managed if

Hawai'i DOH 2-2 Volume 1 Text (Fall 2011)
Fall 2011 (rev Jan 2012)



complete remediation to unrestricted future useoisfeasible. Alternative soil
action levels for sites that will be restrictedctimmercial/industrial use only area
included in Appendix 1 and included in the EAL ®urfrefer to Chapter 3). Use
of these action levels for final site closure skolé discussed with HDOH on a
case-by-case basis, however, and could requirenthbéementation of formal
engineered and institutional controls.

Additional discussion of the primary factors useml prepare the default,
conceptual site models and Tier 1 EAL lookup taidgsresented in the following
sections. Compilation of the Tier 1 EALs is dissers in more detail in Appendix
1.

2.3 Use of Lookup Tables

The step-by-step use of the Tier 1 EAL lookup tsbknd preparation of an
Environmental Hazard Evaluatioils summarized below and in Figure 1-3. A detailed
discussion oEnvironmental Hazard Evaluatiaeports is provided in Chapter 3.

Step 1: EAL Updates and Applicability

Check the HDOH web page listed at the beginninthisfguidance to ensure that
the most up-to-date version of this document isndpeused. Review the

limitations discussed in Section 1.6 to determirthe EALs are applicable to the
subject site.

Step 2: Identify All Chemicals of Potential Concern

An Environmental Hazard Evaluatio(EHE) must be based on the results of a
thorough site investigation, where all chemicalgpotential concern have been
identified. A summary of the site investigatiosuts should be included in the
EHE in order for it to be reviewed as a "stand alaiocument. An outline of the
information that should be included in an EHE isyided in Section 9.

Step 3: Select Lookup Table(s)

Determine the beneficial use of impacted or thmeadegroundwater beneath the
site and the distance to the nearest surfaced watdy from the downgradient
edge of the release site (refer to Figure 2.1)gdmeral, all groundwater inland of
the Underground Injection Control (UIC) lines stobuihitially be treated as a
current or potential source of drinking water (Section 2.4.3, Appendix 8).
Reference can be made to the Water Resources Rles€anter Aquifer
Identification and Classificatiomeports, however, to evaluate the utility of the
groundwater on a more site-specific basis. THsrmation is then used to select
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soil and groundwater action levels in Table A (pbied source of drinking water)
or Table B (not a potential source of drinking wate

Step 4: Select Soil and/or Groundwater EALS

Select appropriate soil EALs from the appropriadekup table. EALs for

groundwater are provided in the adjacent columrea¢h table and are not
dependent on land use or depth to impacted sadpld@e EALs with naturally

occurring, background concentrations of chemicdlsancern (e.g., assumed
background arsenic = 24 mg/kg) or laboratory metrepbrting levels if higher

(see Section 2.8).

Step 5: Determine Extent of Impacted Soil and/or Gwundwater

Using the selected EALs, determine the extent gfaiched soil or groundwater
and areas of potential environmental hazard atsifeeand offsite, as required.
(Soil data should be reported on a dry-weight basthile this is not likely to
affect final cleanup decisions, it is more in lwéh assumptions used to develop
direct-exposure action levels for human health eome See also Appendix 1,
Section 7.3.) If a groundwater plume originatingni an inland release site is
suspected to have migrated to within 150m of aaserfwater body, then
additional downgradient investigation may be nemgssising more conservative
action levels for this zone.

Step 6: Evaluate the Need for Additional Investigabn or Corrective Actions;
Submit EHE Report

A detailed discussion of EHE reports is provideddhapter 3. Based on a
comparison of available site data to the EALs, eatd the need for additional
action at the site (e.g. additional site invesi@atremedial action, preparation of
a more site-specific risk assessment, etc.). kes svhere sample data are
limited, it will be most appropriate to compare thwaximum-detected
concentrations of chemicals of concern to the Efd_siitially evaluate potential
environmental concerns.

The collection of multi-increment sample (MIS) datarecommended when
possible (refer to Section 1.4). Statistical mdth@an be used to estimate
representative contamination concentrations inviddal decision units at sites
where only discrete sample data are available.s Ehgenerally selected as the
lesser of the maximum-detected concentration aed9%% upper confidence
interval of the arithmetic mean of sample data. diidnal guidance on the
estimation of representative contamination conegiotns from MIS and discrete
sample data is included in the 2008 edition ofHilEOH/HEER officeTechnical
Guidance Manual Guidance on the statistical evaluation of envinental data is
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2.4

also provided in the California EPA documerRseliminary Endangerment
Assessment Guidance Many&alEPA 1994b) an&upplemental Guidance for
Human Health Multimedia Risk Assessments of Harsrd&/aste Sites and
Permitted FacilitieCalEPA 1996), among other sources.

This evaluation should be summarized in the EHEomtepnd workplans for
additional actions prepared as needed (see SeR}iorDecisions for or against
additional actions should be made in conjunctiothvguidance from HDOH.
Adjustment of Tier 1 action levels in a more adwahcenvironmental hazard
evaluation is discussed in Chapter 4.

Default Conceptual Site Models
2.4.1 Land Use

The Tier 1 EALs for soil listed in Tables A and Bemg developed to allow
unrestricted current and future use of a propefiis includes consideration of
direct exposure action levels suitable for usehef gite as residences, hospitals,
day-care centers, and other sensitive purposesr (refCalEPA 2002). Action
levels for unrestricted land use incorporate corsgere assumptions with respect
to long-term, continuous exposure of children addlta to impacted soils in a
residential setting (see Appendices 1 and 2). #Asudsed in Chapter 3,
alternative (and potentially less stringent) saili@n levels for site that will be
restricted to commercial/industrial land use ordy e considered on a case-by-
case basis.

2.4.2 Exposed versus Isolated Contaminated Soil

The Tier 1 EALs are based on an assumption tha@ononated soil is currently
exposed at the ground surface or could be excaeatg@xposed at the surface in
the future. This assumption eliminates the need cotmsider long-term
management of soil that is not currently exposad.discussed in Chapter 4, the
potential for deep or otherwise isolated contaneidatoil to be exposed at the
ground surface can be reviewed on a site-spe@sestas needed.

2.4.3 Groundwater Utility

Groundwater utility is determined based on the tioceof the site with respect to
the Underground Injection Control (UIC) Line ane ttateAquifer Identification
and Classificatiortechnical reports prepared by the University of ldaw(refer

Hawai'i DOH 2-5 Volume 1 Text (Fall 2011)
Fall 2011 (rev Jan 2012)



to Figure 2.1). This procedure is summarized pokcy update dated September
19, 1995 (see Appendix 8). Groundwater situatedkadinland) of the UIC line
is considered a potential source of drinking wafegvided it is present in a
suitably productive geologic formatiorAquifer Identification and Classification
reports for individual islands can be referred do hore detailed information of
groundwater aquifers located in these areas. @water situated makai
(oceanward) of the UIC line is generally considei@dot be a potential source of
drinking water, due to high salinity, low permedpiland production and/or
historic contamination.

In general, soil and groundwater action levels mee stringent for sites that
threaten a potential source of drinking water ($ebles A and B). This is

particularly true for chemicals that are highly niebn the subsurface and easily
leached from impacted soil. For chemicals thatespecially toxic to aquatic life,

however, Tier 1 action levels for sites that theeadirinking water resources may
be driven by surface water/aquatic habitat pradectoncerns rather than by
drinking water concerns. Many of the metals anstipieles listed in the lookup

tables fall into this category (see Section 1.Refer to the detailed, D-series
lookup tables in Appendix 1 or use the EAL Surtarihdividual contaminants.

Note that apparent background levels of relativelgbile, heavy metals in
groundwater can marginally exceed the groundwatioralevels in some areas,
especially in areas of clay-rich, caprock sediméatg., lead; sometimes reported
above the action level with no apparent anthropregsource). A detailed study
of background metals in groundwater has not beeriedaout by the HEER
office. Natural, trace levels of hexavalent chremiin basalt aquifers can also
exceed highly conservative, risk-based screenimgldefor drinking water. As
discussed in a technical memorandum included inefAgpx 8, however, the
hexavalent chromium does not pose a significakttasruman health.

2.4.4 Threat to Surface Water Habitats

The conceptual site models used to develop the TidEALsS assume that
contaminated groundwater at all sites could at stime migrate offsite and
discharge into a body of surface water (refer totiSe 1.2). This could occur
due to the natural, downgradient migration of gdwater or to human activities
such as dewatering of construction sites. To addibis concern, Tier 1
groundwater EALSs both drinking water sources (Taklend non-drinking water
sources (Table B) include consideration of surfaager goals for aquatic toxicity
(refer to Chapter 5 of Appendix 1).
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Promulgated water quality standards and correlatagtion levels for
contaminants that lack promulgated standards aeeepted in Table D. The
selection of action levels for contaminants thatklgpromulgated standards is
discussed in Appendix 1. Tidally influenced pamsoof creeks, streams and
rivers and the bays they flow into are consideedbe estuarineenvironments.
Screening levels for estuarine environments aredas the more stringent of
screening levels for marine (saltwater) versushineger environments but do not
consider drinking water standards or screeningldeveChronic surface water
standards (or equivalent) are incorporated intaytbendwater screening levels to
address potential aquatic habitat protection corscer

In freshwater environments, screening levels (omuigated standards) for most
chemicals for drinking water concerns are generatiyich lower than
corresponding standards for toxicity to aquaticanigms. For many pesticides
and heavy metals, however, aquatic habitat goalsrare stringent than drinking
water toxicity goals and therefore drive the setecof final Tier 1 EALs (e.g.,
dieldrin, endrin and endosulfan). This is reflected the final groundwater
screening levels for these contaminants (refer adsAppendix 1 and the EAL
Surfer).

Concentrations of contaminants in groundwater shauket chronic surface
water goals at the point that the groundwater diggs into a sensitive aquatic
habitat. Chronic surface water goals are therefiockided in development of
action levels for groundwater situated within 15@fa surface water body
(Zones A-2 and B-2 in Figure 2.1; refer to Appendjx This is likely to be
overly conservative for many petroleum-contaminasgds but is appropriate
under a Tier 1 evaluation. If long-term monitorimiggroundwater (e.g., two-plus
years) adequately demonstrates that a plume iflikely to discharge into a
surface water body above chronic goals even thaughwithin 150m of the
body, then acute surface water goals can be usdithascleanup and closure
levels.

Acute surface water goals are included in developnodé groundwater action
levels for sites located more than 150m from aas@rfvater body (Zones A-1 and
B-1 in Figure 2.1; refer to Appendix 1). An argurheould be made that plumes
of petroleum-contaminated groundwater beyond tlstadce will never naturally
migrate to a surface water body and that this aonam®es not need to be
addressed. Plumes of heavily contaminated groutedlwa inland areas pose
potential concerns for future construction or tytilnaintenance related activities,
however. It is important that the presence oféhglsmes is identified ahead of
time and actions take to ensure that contaminatesungwater is not
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inadvertently discharged to storm sewers witho@nadte testing and treatment.
Documenting the nature and location of inland plsitieat do not otherwise pose
a threat to human health and the environment ieaaslly important for
contaminants that do not readily biodegrasiech as chlorinated solvents and
MTBE. Additional characterization and monitoring groundwater impacted
with these contaminants may be needed if it is ettsl that the plumes could
move to within 150m of a surface water body at le\above chronic surface
water goals.

The groundwater action levels do not consider iditutof groundwater upon

discharge to a body of surface water. Benthicafland fauna communities
situated below or at the groundwater/surface watierface are assumed to be
exposed to the full concentration of chemicalsmipacted groundwater. Use of a
generic "dilution factor" to adjust the surface @raprotection action levels with

respect to dilution of groundwater upon dischaaurface water was therefore
not considered. Consideration of dilution/atteraratfactor and alternative

groundwater action levels for the protection offsce water quality may,

however, be appropriate on a limited basis in lygdeveloped, industrial

waterfront areas.

The soil and groundwater action levels presentethénlookup tables do not
directly address the protection of sediment quali8ite-specific concerns could
include the accumulation and magnification of con@ions of highly sorptive
chemicals in sediment over time due to long-terraclirges of impacted
groundwater. This may be especially true for gdweter impacted with highly
sorptive (lipophilic) chemicals, including heavytgdeum products.

Potential erosion and runoff of surface soils friompacted sites may also need to
be considered, particularly at sites impacted wiktals and pesticides that are
situated near a sensitive body of surface watehne fieed for a more detailed,
ecological risk assessment of impacts to sedimemtld be evaluated on a site-
by-site basis and discussed with the DepartmeHieatth.

Compilation of Environmental Action levels
2.5.1 Tier 1 EALs

A detailed discussion of the compilation of all iant levels is provided in
Appendix 1. Approximately 150 chemicals are listedhe lookup tables. For
each chemical, an action level was compiled toesileach of the environmental
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hazards noted above, as applicable and available lowest of the individual
action levels for each hazard was selected fougnh in the summary lookup
tables. This ensures that the Tier 1 EALs are gotoke of all potential
environmental concerns and provides a tool for dregreening of site data.
Where EALs are exceeded, the detailed tables pedvid Appendix 1 can be
used to identify the specific environmental coneetimt may be present at the
site.

A summary of the sources used to compile actiorel¢evior individual
environmental hazards is provided in Figure 2-2.detailed discussion of each
source and associated models is provided in Apgehdi In most cases, the
action levels were drawn from published referen(eg., published drinking
water and surface water standards). In other cpabished models were used to
develop action levels for the subject environmehtdard (e.g., vapor intrusion
action levels).

An example of the selection of summary, Tier 1 EAdsbenzene is presented in
Figure 2-3 unrestricted (“residential”’) land userinking water resource
threatened, site360m from a surface water body). For solil, theoackevel for
leaching hazards (0.22 mg/kg) is lower than th®@adevels for each of the other
environmental hazards. This action level is theefelected as the Tier 1 EAL
presented in Table A of the summary lookup taldfe@s.groundwater, the action
level for drinking water toxicity concerns drivesvonmental hazards and is
selected as the Tier 1 EAL presented in Table AigA., the primary drinking
water standard). A more detailed discussion o #xample is provided in
Appendix 1.

The driving environmental hazard for a specificroieal depends largely on the
toxicity and mobility of the chemical. This candmeseen by a review of the
detailed lookup tables in Appendix 1 or by using tBAL Surfer to browse
through various chemicals under different site aces. Tier 1 EALs for highly
mobile or highly toxic chemicals in soil are typligadriven by leaching or vapor
intrusion concerns (e.g., see selection processeiozene Tier 1 EAL in Figure 2-
3). Tier 1 EALs for chemicals that are relativetymobile in soil but highly toxic
to humans are typically driven by potential diregposure concerns (e.g., PCBs
and lead). In contrast, Tier 1 EALs for heavy reethat are relatively non-toxic
to humans are typically driven by ecological consesr ceiling levels for general
resource degradation (e.g., copper and total chmmni For chemicals that have
particularly strong odors, pose explosive hazaats,could cause sheens on
surface water the selection of Tier 1 EALs may beesh by gross contamination
concerns (e.g., Total Petroleum Hydrocarbons (TRIHY phenols). The
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consideration of gross contamination becomes esibecimportant in the
selection of EALSs for relatively immobile chemicatsdeep or otherwise isolated
soils (refer to Section 4.6).

Driving environmental hazards are similar for grdwater. Tier 1 EALs for
contaminants that are highly toxic to humans téodse based on drinking water
toxicity concerns (e.g., PCE; assuming the groumnews a potential source of
drinking water). Action levels for taste and o@oncerns drive the selection of
Tier 1 EALs for several, less toxic chemicals innking water supplies (e.g.,
xylenes and ethylbenzene). Tier 1 EALs for coramis that are highly toxic to
aguatic organisms are often based on chronic suvater standards, even if the
groundwater is used as a source of drinking watey.,(DDT and dieldrin). Vapor
intrusion into buildings drives the selection ofeilil EALs for carcinogenic,
highly volatile contaminants for groundwater thatnot used as a source of
drinking water (e.g., PCE and vinyl chloride).

2.6 Contaminants of Potential Concern at Petroleum
Release Sites

2.6.1 TPH and Targeted Individual Compounds

Refer to Section 6 of Appendix 1 for a detailediee~ of the chemistry and
toxicity of petroleum compounds. Recommended,diaggalytes for petroleum
contaminated soil and groundwater are providediguré 2-4. This table was
originally published in the HDOH technical memorand Long-Term
Management of Petroleum-Contaminated Soil and Gitaater (HDOH 2007c¢).
Slight modifications have been made in subsequpdates and reflected in the
figure (e.g., methylnaphthalene no longer recomradnidr soil gas samples).
Information from the memorandum has been incorgdrahto this guidance
document. Refer also to Section 9 of the HEER effiechnical Guidance
Manual (HDOH 2009).

Petroleum is a complex mixture of hundreds of ddf¢é compounds composed of
hydrogen and carbon or "hydrocarbon" compounds (&f4). The bulk of these
compounds are evaluated collectively under thenallisive category of “total

petroleum hydrocarbons (TPH)”, typically measuradthree ranges: gasoline,
middle distillates, and residual fuels. Gasolinega TPH is a petroleum mixture
characterized by a predominance of branched alkamgsromatic hydrocarbons
with carbon ranges of C6 to C12 and lesser amoainstraight-chain alkanes,
alkenes, and cycloalkanes of the same carbon résege alsoNEIWPCC 2003,
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included in Appendix 7).Vapor-phase compounds are dominated by C5-C8
aliphatics.

Total Petroleum Hydrocarbon associated with midtiillates (e.g., kerosene,
diesel fuel, home heating fuel, jet fuel, etc.gh@racterized by a wider variety of
straight, branched, and cyclic alkanes, PAHs (asjhgecnaphthalenes and
methylnaphthalenes), and heterocyclic compoundk warbon ranges of C5 to
C25. Liquid fuels are characterized by a dominamic€9-C25 aliphatics with a
lesser amount of C9-C10+ aromatics. Vapor-phasgoonds are characterized
by a mixture of C5-C8 aliphatics and C9-C12+ aligisa with only minor
amounts of aromatics (see Section 6 of AppendixAlthough still potentially
significant, vapor emissions from middle distillatelease sites tends to be an
order of magnitude lower than for gasoline-contaated for the same volume
and magnitude of contamination.

Residual fuels (e.g., Fuel Oil Nos. 4, 5, and ®ritating oils, mineral oil, used

oils, and asphalts) are characterized by compléas ptAHS, naphthenoaromatics,
asphaltenes, and other high-molecular-weight segdrhydrocarbon compounds
with carbon ranges that in general fall between @2dl C40. With the exception
of waste associated with manufactured gas plam@gorvemissions associated
with residual fuels releases are significantly lowean emission associated with
middle distillate or gasoline releases and geneddl not pose significant vapor
intrusion hazards. Soil gas data may be warratgtetbcument a lack of vapor
problems, however, as well as to evaluate potem&thane buildup.

Due to the complex nature of petroleum mixturesirgeum contamination
should be evaluated in terms of both Total Petralddydrocarbon (TPH) and
target "indicator chemicals" for the specific typepetroleum product released
(e.g., benzene, toluene, ethylbenzene and xyldBieEX{], methyl tertiary butyl
ether [MTBE], polynuclear aromatic hydrocarbons H&A etc.). Target indicator
chemicals typically make up only a small fractidntlee total petroleum present
but are important players in the assessment ofr@mwiental hazards posed to
human and the environment.

Seventeen priority pollutant PAHs are listed in th8EPA Regional Screening
Level (RSL) guidance (USEPA 2011):

* acenaphthene » dibenzo(a,h)anthracene
* acenaphthylene » fluoranthene
e anthracene o fluorene
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* benzo(a)anthracene <« indeno(1,2,3)pyrene,
* benzo(b)fluoranthene « methylnaphthalenes (1 & 2)
* benzo(g,h,i)perylene ¢ naphthalene

* benzo(a)pyrene * phenanthrene
* benzo(k)fluoranthene « pyrene
* chrysene

The suite of PAHSs that should be tested for atvargsite depends on the type of
the petroleum product released (after MADEP 2002¢.indicated in the Figure
2-4, only naphthalene needs to be tested for abligasrelease sites. Soils
impacted with middle distillates should be testedb@th methylnaphthalenes and
naphthalene (e.g., diesel, JP-8 jet fuel, etc.he Wll suite of PAHS should be
considered at sites with releases of heavier patnolfuels and waste oil, unless
site-specific information on the product releasad be used to justify elimination
of specific PAHSs.

Volatile components of petroleum that are not dmedly identified as target
indicator compounds in Figure 2-4 but reported gsasate compounds by the
laboratory using Method 8260 or similar methods iceageneral be ignored (e.g.,
hexane, methylbenzenes, alkanes, alkenes, alkgebes and other aromatics not
specifically identified as target indicator compdanrefer to Section 2.11 and
NEIWPCC 2003. These compounds are included under the umbmebdysis for
TPH in general and do not need to be evaluatecg\en reported) separately.
This is based on the assumption that the toxi@ttdrs selected for TPH area
adequately conservative for the mixture of compsymesent in fuels beyond the
target compounds noted in Figure 2-4 (refer to Agipel, Chapter 6).

Soil, groundwater and soil gas samples must alwagstested for TPH (or
equivalent) in addition to targeted, individual ohieals. Laboratory analysis for
TPH as gasolines and middle distillates is generalirried out using gas
chromatography, modified for "gasoline-range" oigan ("Volatile Fuel
Hydrocarbons") and "diesel-range" organics ("Exttale Fuel Hydrocarbons"),
respectively (e.g., EPA Method 8015). Refer to HEER office Technical
Guidance Manual for additional information on ladtory methods. Analysis for
TPH as residual fuels up to the C40 carbon rangebeacarried out by gas
chromatography, infrared absorption, or gravimetnethods. The latter methods
are rarely used, however, due to their inabilitydiscriminate the type of the
petroleum present and interference with organicen@dtin the soil. Analysis of
soil gas for TPH is commonly reported Bstal Volatile Hydrocarbonsr TVH.
Consult a laboratory with expertise in analysigaial hydrocarbon fractions in
soil gas for additional information.
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Environmental action levels for TPH are developg@$signing representative fate
and transport properties and toxicity factors toagates for each TPH category
and applying the same models and approaches asfarsétke target, indicator

compounds (refer to Appendix 1). The following lmam range fractions were
targeted:

» C5-C8 aliphatics;

» (C9-C18 aliphatics;

* C19+ aliphatics; and
* C9+ aromatics.

A more in-depth analysis of the specific carbongeamakeup of TPH can be
carried out in a site-specific environmental hazasdessment as needed. This
may especially be useful for cases where the regaroncentration of TPH in
soil gas exceeds the Tier 1 action level. Carlamge data are less useful for soll,
since gross contamination concerns generally ogtwedirect-exposure concerns
under residential or commercial scenarios for eggail.

From an environmental hazard standpoint, cleanupelgfases of gasolines is
usually driven by a combination of TPH and benzewvith fuel oxygenates such
as MTBE playing an important role in some caseshe Tleanup of middle

distillate fuel releases is usually driven by TRBEther than by VOCs or PAHSs.
Naphthalene and methylnaphthalenes are two potenxaptions, since they can
be present in middle distillate fuels at relativéligh concentrations and are
moderately volatile and mobile that TPH in generidlaphthalene is under study
as a contaminant of interest in research on vagassion, although it is unlikely

that naphthalene as a vapor intrusion hazard wbealé driving environmental

concern at petroleum release sites due to thevaiatow naphthalene content of
typical petroleum mixtures. At sites where naplghea could pose a vapor
intrusion hazard, the most significant environmemhzards present would be
posed by the very high concentrations of TPH, ratten by the naphthalene.

Soil and groundwater contaminated with middle Hgda fuels must also be
tested for BTEX (refer to Figure 2-4). Although BXEarely drives cleanup for
releases of middle distillate fuels, their presemicabsence is a useful indicator of
past gasoline releases at the site or the migraibigasoline-contaminated
groundwater onto the property from offsite sourcbssting for naphthalene at
gasoline release sites is recommended for the szamsen (refer to Figure 2-4).
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The chemical composition of gasolines and middigiidites can be presumed with
reasonable confidence (see Section 6 in Appendixlf)contrast, the chemical
composition of soil and groundwater contaminateddsydual fuels, used oils, coal
tar, asphalt, and other heavy petroleum mixturede$s predictable. Engine
combustion processes may add PAHs, VOCs, and metalsed motor oils.
Releases from used oil storage tanks may conther dijuids disposed of in the
tanks, such as cleaning solvents, PCB transforiifegeron pesticides, in addition to
used oil. Due to this potential for additional taiminants, the list of analytes for
residual fuels is quite large. The need to tastéotain analytes can be ruled out on
a site-by-site basis, however, if it can be docuswrwith confidence that the
product released was fresh and uncontaminated.eX@mple, releases of unused
lube oil, transformer oils, mineral oils, virgin dnaulic oils and similar products
do not require testing for PAHs and other chemidatscan be demonstrated that
product released was never heated to high tempesat(potentially producing
PAHSs) and not likely to be contaminated with sotgeor metals.

2.6.2 Ethanol

Ethanol should be tested for at release sites wihé&e& known or suspected fuel
additive or where it was stored or transferred.xidity factors are not available

for ethanol (refer to Appendix, Table H). Ethanel not believed to be

significantly toxic at concentrations likely to beund in contaminated soil or
groundwater. It is also readily biodegradable uratgth aerobic and anaerobic
conditions and not anticipated to persist in theiremment for longs periods of

time. Tier 1 soil, groundwater and indoor air actilevels presented in this
guidance are therefore based on gross contaminiasipards only (odors in soll,

taste and odor in drinking water supplies, genenatf explosive vapors, etc.,
refer to Appendix 1).

In addition to gross contamination hazards, ethaimgh rate of biodegradability
may result in additional adverse impacts, includiaiger MADEP 2002a):

« Increased levels of gasoline constituents in grawater, including the
MTBE, benzene, toluene, ethylbenzene and xylene&stducosolvency
effects in the presence of high concentrationglwdrel; and

« Longer plumes of petroleum-contaminated groundwaded other
dissolved gasoline hydrocarbons due to the higlthaimical oxygen
demand exerted by ethanol and the depletion of exygnd nutrients
available for the degradation of other constitueftss has implications
for natural attenuation considerations as a longrt@eanup remedy.
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2.7 Contaminants of Potential Concern for Former
Agricultural Lands

Testing of soils is recommended for sites wheregdtamm application of

pesticides may have occurred before they are deeeldor unrestricted (e.qg.,
residential) or commercial/industrial use. Thisespecially pertinent to large
tracts of former agricultural land, golf courseslawrseries. This also includes
military bases where housing complexes that maye hbgen treated with
organochlorine-based termiticides are being demmedisand redeveloped with
new homes (refer to discussion of technical chioeda Section 4.3).

In the case of former agricultural lands, contanmmais likely to be heaviest in
former pesticide mixing and staging areas, seedingpareas and storage areas,
although heavy contamination could occur in associawith bagasse piles,
settling ponds, former plantation camp areas, eResidual contamination in
former fields is likely to be much lower, althougsignificant arsenic
contamination has been identified in some area®rfer sugar cane fields in
Hawai'i (HDOH 2006a).

Types of pesticides commonly used in agricultusadls are discussed in Section
9 of the HEER officeTechnical Guidance ManuagHDOH 2009). The list
chemicals provided in that guidance is not interigelde comprehensive, nor is it
intended to represent a required list of targetyd@s Specific pesticides of
concern should be based on a review of the histlonise of the site with a focus
on pesticides that may be persistent in soil abdwex 1 EALs. Soil and
groundwater action levels for the majority of conmiyo used, persistent
pesticides in are included in this document. Ttaimbaction levels for pesticides
not listed in the lookup tables, contact HDOH ollof@ the guidelines used to
develop the Tier 1 EALs in Appendix 1.

Organochlorine pesticides are known to be veryigierst in soils, as are arsenic
and lead. Organophosphate pesticides, chlorindtetbicides, triazines,

carbamates and pentachlorophenol are susceptibl@otogical and chemical

breakdown over time and are more likely to be g&gat above levels of potential
concern in heavily contaminated, pesticide mixingaa than in fields. Testing of
former field areas for the full suite of pesticidasa action level is generally
recommended, however (excluding fumigants beyonde-y@ar of last

application). As discussed in Chapter 4, signifidevels of arsenic (associated
with the use of lead arsenate or arsenic trioxate) dioxins/furans (associated
with the use of pentachlorophenol, 2,4,5 TP, etar) remain in soil even though
the parent pesticide has degraded below levelsontern. Fumigants are not
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likely to persist in shallow soils more than onalyafter use due to a propensity
to volatilize into the atmosphere and degrade ocdveed downward in leachate.
The collection of shallow soil gas data (e.g., Iffwa ft bgs) in additional to soil
data is recommended if fumigant contamination ispscated (refer to Section
4.5). Areas of past fumigant storage, mixing amdridution points should be
targeted. Testing of large field areas for fumiganore than a year after the last
application is generally considered unnecessary.

2.8 Laboratory Reporting Limits and Ambient Background

In cases where an EAL for a specific chemical ss lhan the standard, method
reporting limit for a commercial laboratory (as egd upon by HDOH), it is
generally acceptable to consider the method reqpiimit in place of the action
level. Potential examples include groundwateroackevels that are in the parts-
per-trillion range for some PAHs and pesticidesg.(e.PCBs, DDT,
benzo(a)pyrene, etc.). Most of the contaminantshired are highly sorptive and
not significantly mobile in groundwater. Lower repog limits could be required
in rare cases where discharges of groundwater kriowre contaminated with
these chemicals poses a significant threat to aat&ghabitat.

In the case of both soil and groundwater, sampkdyaes that are below the
method reporting limit for the subject chemical glkobe reported in summary
tables as “ND” (“non-detect”) with the laboratoryethod reporting level noted in
parentheses (e.g., “ND (<0.5 ug/L)”). An altermatis to simply note “ND” in
the cell for the chemical and sample number and ttee¢ method reporting limit
table at the bottom of the table for each chemical.

A summary of typical, background concentrationdrate metals in soils from

Hawai'i is provide in Table K of Appendix 1. The pgrbound, naturally

occurring concentration of a trace metal in sogetected as the final, Tier 1 EAL
if higher than risk-based or other action levels fioee metal. A “Background

Threshold Value” that represents the maximum-regbrtoncentration of the

trace metal assumed to be naturally occurring e dhmples evaluated is also
noted in the Appendix 1 table.

Understanding the presence and nature of backgroatdls in soil is important.
Trace metals are a natural constituent in the widcsoils of Hawai‘i and even in
soils associated with coastal, coralline sandse fbtals are tightly bound to the
soil matrix and have a very low bioavailability.hdy do not pose a health risk to
people. This is particularly an issue for arsefftbOH 2011). Background

Hawai'i DOH 2-16 Volume 1 Text (Fall 2011)
Fall 2011 (rev Jan 2012)



2.9

concentrations of arsenic in soils typically rafigem 1 mg/kg to 24 mg/kg, with
some soils containing in excess of 40 mg/kg (segeAdix 1). This is well above
theoretical, risk-based, direct-exposure actioele¥or arsenic in soil which can
be less than 1 mg/kg (e.g., USEPA 2011). Theseradtivels assume that the
arsenic is 100% bioavailable, however, and are lads@d on a target risk that is
well below the natural background risk posed bmicsin soil and in particular
our diet (see HDOH 2011).

In order to address this issue on a site-specHisish bioaccessibility tests are
recommended when a total arsenic concentration Jofng)/kg is exceeded

(upperbound background level in soil, refer to Gbap4). Based on

bioaccessibility data reviewed by HDOH, pesticie&ated arsenic present in soil
below this concentration is likely to be stronglyuind to soil particles and not
significantly toxic.

Other trace metals that could be naturally presesbils above theoretical, risk-
based action levels include antimony, cadmium, miwmm, cobalt, nickel,
thallium and vanadium. The HEER office intendgtdolish additional guidance
on the evaluation of naturally occurring backgroumetals in soil in 2012.

Land-Use Restrictions Inherent in Tier 1 EALs

The Tier 1 EALs presented in Tables A and B arethas an assumed current or
potential unrestricted (“residential’) land usef¢reo Section 2.4.1). This allows
sites to be initially screened for unrestricteddlaise. Risk-based action levels for
commercial/industrial land use scenario are inaudeAppendix 1. An option to
screen data based on assumed commercial/inddatiéalise is also incorporated
into the EAL Surfer (refer to Chapter 3).

Allowing the option to tie action levels or cleanlgpels to site-specific land use
and exposure conditions can save considerablyvestigation and remediation
costs. For example, the action level for polycinlated biphenyls (PCBSs) in
surface soils is 1.1 mg/kg in residential areas bpt to 7.4 mg/kg for
commercial/industrial areas (based on a targetecansk of 10° and noncancer
hazard quotient of 1.0). Higher levels can po#diytibe safely left in place if
proper institutional and engineered controls arplemented and an adequate
Environmental Hazard Management Plan is prepaeddr(to Chapter 5).

The use of cleanup levels less stringent than tlapgeopriate for unrestricted
land use may place significant restrictions on reituse of the property. For
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example, if a site is remediated to meet EALSs (m@raative criteria) intended for

commercial/industrial land use then the site cootd be used for residential
purposes in the future without additional evaluatioln some cases, this may
require that a formal covenant to the deed be dexbto restrict future use of the
property. Deed covenants are generally not nece$sapetroleum-release sites
unless significant vapor intrusion hazards are gmeqrefer to Chapter 4).

Residual petroleum contamination will naturally ceste once the source of the
release and gross contamination are removed. |@@tmecontaminated soil or

groundwater is also easily recognized at levels pbae potential direct exposure
hazards in the field.

The use of alternative action levels for deep dvenwise isolated soils assumes
that the impacted soil will remain isolated beldw ground surface "for eternity”

(refer to Section 4.6). For single-family residahtareas, future disturbance of
soil situated deeper than three meters is genecalhsidered to be unlikely

(CalEPA 1996). The use of alternative EALs for dodated below this depth is

reasonable (see Section 4.3). For commercial/tndusites, soils situated below

a depth of one meter are assumed be “isolated” ramdikely to be exposed

during unauthorized subsurface activities. For ipmst contaminants, the

placement of formal institutional controls on theogerty is recommended to

clearly document the presence of isolated contammand prevent inadvertent

disturbance in the future (refer to Chapter 5).

During the redevelopment of properties for comnadfioidustrial or high-density

residential use, excavation and removal of sodsnfdepths up to five or greater
is possible (e.g., for underground parking garagésjator shafts, utilities, etc.).
The need to impose enforceable institutional cdsitfar proper management of
deep or otherwise isolated, contaminated soil®atngercial/industrial properties
where action levels for isolated soils are app#iaduld be discussed with HDOH
on a site-by-site basis.

In general, land-use restrictions inherent in thlection of EALs from the Tier 1
lookup tables (or assumptions used in site-specisic assessments) should be
kept as minimal as possibM/hen preparing EHEs for commercial/industrial
sites, concentrations of chemicals in impacted ssileft in place should always
be compared to action levels for both unrestrictedland use and
commercial/industrial land use only. If the soils in fact meet EALs for
unrestricted land use after cleanup then this shoel clearly stated in the site
closure report. There is no need to compare coation data to action levels for
commercial/industrial land use onlyRecognizing this upfront will help avoid
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unnecessary delays should the site be considereshdoe sensitive uses in the
future (e.g., residential, school day care, hezdtie, etc.).

The long-term isolation of contaminated soil undempavement, buildings or
some other type of caps should be avoided if at afpossible. Leaving
contaminated soil in place at a site imposes saamf and oftentimes
unnecessary burdens on future use and developnieat site. This may be
unavoidable, however, for soil contaminated witkroicals that require treatment
and disposal at off-island, hazardous waste fasli{e.g., dioxins). If done,
actions to prevent future disturbance of the dodusd be clearly described in an
Environmental Hazard Management Plprepared for the site (refer to Chapter
5). The need for a formal covenant to the propéegd should be also discussed
with  HDOH (generally not required for petroleum-taminated soil or
groundwater). A foresighted approach in the usd&ief 1 EALs or alternative,
site-specific cleanup levels will allow more fleity in future use of a site, help
avoid unexpected complications during site redgualent, and minimize the
liability of future land owners.

2.10 Cumulative Risks at Sites with Multiple Chemicals of
Concern

Risks posed by direct exposure to multiple chersigath similar health affects
are considered to be additive or "cumulative." Egample, the total risk of
cancer posed by the presence of two carcinogemmicials in soil is the sum of
the risk posed by each individual chemical. Thmesas true for chemicals that
cause noncarcingenic health effects. A summamgxample target health effects
for the chemicals listed in the lookup tables isvted in Appendix 1 (Table K).

With the exceptions noted in Appendix 1, the TidALs conservatively assume
that the presence of multiple carcinogens COPQUs ¢temore) and up to five

noncarcinogenic COPCs could be present at a ditis. i$ incorporated into the

EALs through a combination of conservative exposiggimptions (e.g., years of
continuous, daily exposure) and target risk (eoge-in-a-million excess cancer
risk) in direct-exposure models. Refer to Chagtand Appendix 1 for additional

discussion of this subject. Cumulative health ms&y need to be calculated for
sites where additional contaminants are preseatdise USEPA 2011).
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2.11 Chemicals Not Listed in Lookup Tables

Compilation of action levels for chemicals notédtin the current lookup tables
is a relatively straightforward process, providedttadequate supporting data are
available. A detailed discussion of the developnoéraction levels presented in
this guidance is provided in Appendix 1. A summafythe approaches used to
develop the action levels is provided in Figure.23® compile action levels for
chemicals not listed in the lookup tables, therggted party should use the same
approaches or contact the HEER office for assistanc

With the exception of the target, indicator compadsumoted in Figure 2-4 and
discussed in Section 2.6, individual petroleumiszla compounds that are
captured and included in TPH analyses do not nedx tevaluated separately in
an EHE. Action levels for these compounds do re@dnto be developed. This
includes a host of alkanes, alkenes, alkyl benzexres other aromatics not
specifically identified as target indicator compdsanthat could be reported
separately in analytical methods for volatile oigacompounds (e.g., refer to
NEIWPCC 2003jncluded in Appendix 6).

Action levels must be developed for all applicalpetential hazards (refer to
Sections 1.2 and 2.3)In particular, the USEPA Regional Screening Level
(RSLs, USEPA 2011) or the Preliminary Remediation Gals (PRGSs)
previously published by USEPA Region IX (USEPA 2004cannot be used as
stand alone criteria for the evaluation of contamiated soil (refer also to
Section 2.12.1) This is because the RSLs and PRGs do not condldestantial
environmental hazards posed by contaminated sogatticular, the RSLs do not
address potential vapor intrusion ecotoxicity amdsg contamination hazards.
The PRGs (no longer in use by USEPA as of May 200&8ye similar
shortcomings but likewise do not fully address pt& soil leaching hazards.

2.12 Comparison to Other Published Screening Levels

The Fall 2011 edition of this guidance document represents iftie dpdate to a
document originally published by HDOH in 1995 (HIBIO1995). Similar
guidance documents have been prepared by the sattmer dor the California
Environmental Protection Agency (CalEPA 2005a), @@mmonwealth of the
Northern Mariana Islands and the Guam EnvironmeRuadtection Agency
(PBESL 2008 and updates). Each of these guidapnceintents represent a
progressive compilation and expansion of approad®seloped by various
environmental agencies in the USA, Canada and aentries. As discussed
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below, the documents incorporate and significargkpand on the USEPA
Preliminary Remediation Goalsnd more recenRegional Screening Levels
(USEPA 2004, 2011). Differences and similaritiestween this guidance
document and guidance prepared by the other agem@esummarized below.

2.12.1 USEPA RSLs and PRGs

The 2008 U.S. Environmental Protection Agency (USERegional Screening
Levels (RSLs; USEPA 2011) replacBreliminary Remediation Goal§PRGS)
previously published by individual regions. Thigludes PRGs published by
USEPA Region IX (USEPA 2004) and referenced iniearkditions of the
HDOH environmental action level guidance. Like ARG guidance, the RSL
guidance presents risk-based soil, air and tapveateening levels for a long list
of contaminants.

The RSL and PRG models are essentially identicéh the exception that the
2008 RSLs utilize Unit Risk Factors (cancer consgrrand Reference
Concentrations (noncancer concerns) for inhalagbwapors and particulates,
rather than Cancer Slope Factors and Referencesieswed from the former as
done in previous editions of the USEPA Region IXG3R This does not make a
significant difference in the final screening leszel The 2008 USEPA RSL
guidance also includes soil screening levels fotemimal leaching hazards
(organic compounds only). Both the direct-exposared leaching based
screening levels take equal precedence.

The USEPA RSL direct-exposure models for soil adtépwater were retained
for use in this document. With the exceptions ddtelow and in Appendix 1,
target risks, toxicity factors and physiochemicahstants included in the RSL
guidance were also retained for development of HOEAMHS.

The HDOH EALs represent a significant expansiontied USEPA RSLs to
address a more comprehensive suite of environmemiahrds potentially
associated with contaminated soil and groundwatefer( to Section 1.2).
Specific differences include (see Appendix 1 faiads):

= Adjustment of soil direct-exposure RSLs for nongargens to a target hazard
guotient of 0.2, rather than 1.0, to address pteciimulative health
concerns at sites where multiple contaminants @sept (exceptions noted in
Appendix 1);

= Extrapolation of inhalation toxicity factors fromad toxicity factors for
volatile chemicals in cases where the former atenatuded in the RSLs
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(follows approach used in previous editions of tf#EPA Region IX PRGS);

= Addition of direct-exposure action levels for canstion and trench worker
exposure to contaminated soils;

= Addition of soil, groundwater and soil gas actiemdls for vapor intrusion
(indoor-air impact) hazards;

= Addition of groundwater action levels for the piiten of aquatic habitats
and surface water quality (discharges of contarashgroundwater to surface
water);

= Use of a more rigorous leaching model to develalpastion levels for
protection of groundwater quality (soil leachingaeds);

= Addition of soil and groundwater "ceiling level®' address gross
contamination hazards, including explosion hazawdeys, sheens and
general nuisance and resource degradation concerns;

= Consideration of natural background levels foreérawtals (and dioxins) in
soil; and

* Inclusion of solil, soil gas and groundwater act®rels for Total Petroleum
Hydrocarbons (TPH).

Use of the USEPA RSL models in the HDOH EALs iscdssed further in
Chapter 4 of Appendix 1 and Appendix 2 is important to understand that
the USEPA RSLs cannot be used as stand-alone scragnlevels to evaluate
potential environmental hazards posed by contaminad soil and
groundwater. This is clearly stated in the User's Guide toR®.s and includes
sites that fall under Federal rather than Staiedigtion in Hawai‘i.

2.12.2 Pacific Basin ESLs

Guidance published for use in the Commonwealth hef Northern Mariana
Islands (CNMI) the Guam and other areas of thefieaeith direct ties to the

United States for the most part identical to theveia guidance (PBESL 2008).
The Pacific Basin edition of the guidance usesténa Environmental Screening
Levels(ESLs) rather thafEnvironmental Action Level@EALS), as preferred in

Hawai‘i. The 2008 edition of the guidance was reg under the direction of
Guam EPA and represents an update to similar gcedgmepared for the
Commonwealth of the Mariana Islands in 2005 (CNNI0Z2).

Unlike the Hawar'i guidance, the Pacific Basin qande provides a separate set
of Tier 1 action levels for commercial or industnmoperties in the summary,
Tier 1 lookup tables. This was included based be preference of the
environmental agencies in CNMI and Guam. The Hawaidance, in contrast,
only presents Tier 1 EALs for unrestricted/resigidnand use scenarios. This
was done to minimize restrictions on the future afsgroperties, as well as due to
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limited resources within the HEER office for thesiev of site-specific, human
health risk assessments based on alternative Eadaenarios. An alternative to
select EALs for commercial/industrial land use ordy however, built into the
Hawai‘i EAL Surfer and can be proposed in a sitee#ic Environmental Hazard
Evaluation.

The Pacific Basin Tier 1 lookup tables also inclulternative soil screening
levels for deep or otherwise isolated soils versuits that are currently exposed
at the ground surface or could be exposed at smmeein the future. This reflects
an assumption that residents and workers are kely lto come into regular
contact with contaminated soils located more thmeet to four meters below the
ground surface. While this is option is not diahcorporated in the HDOH
Tier 1 EAL lookup tables, the isolation of contaatied soils can be considered
under a more advancefinvironmental Hazard Evaluatiomefer to Chapter 4).

The HDOH guidance incorporates alternative, lessgent groundwater action
levels for threats to aquatic habitats for sitésased greater than 150m from a
surface water body (acute versus chronic surfaderwgoals, refer to Section
2.4.4 and Figure 2.1). This recognizes the preseayiclower permeability,
“caprock” sediments over much of the low lying ared the islands. The low
permeability of the caprock sediments significanthpedes groundwater flows
and the spread of contaminants away from the aigielease areas. This
decreases the threat posed by the potential dgeldicontaminated groundwater
into streams and the ocean. These geologic conditilo not apply to Guam or
CNMI and alternative, less stringent groundwateeaging levels for inland areas
are not considered in the Pacific Basin guidance.

The April 2008 Pacific Basin ESLs for direct-expostazards do not incorporate
USEPA’'s changes to the calculation of soil direqtesure actions levels
published in the May 2008 RSL guidance. It is @p#tted these changes and
additional updates reflected in the Hawali'i editiof the guidance will be
incorporated into the Guam Guidance in 2012.

2.12.3 TSCA PCB Standards

Risk-based soil screening for polychlorinated biphe (PCBs) are included in
the lookup tables of this guidance (refer to Tdbleeries in Appendix 1). The
action levels are calculated based on the sameoagprused to develop the
USEPA Region IX PRGs and more recent USEPA RSL#H) thie exception of
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the use of a target excess cancer risk SfriBher than the default of £@refer to
Section 1.4 in Appendix 1).

The treatment, storage and disposal of PCBs isragolated under the Toxics
Substance Control Act (TSCA), as described in He Part 761 of the Code of
Federal Regulations. Reviews of TSCA regulatiomspovided in the USEPA
documents Guidance on Remedial Actions for Superfund Siteth WCB
Contamination(USEPA 1990) andPCB Site Revitalization Guidance Under the
Toxics Substances Control A@ISEPA 2005). TSCA cleanup regulations are
primarily targeted to address spills from operataigctrical equipment. TSCA
requirements are applicable to materials that @@®&Bs in concentrations equal
to or great than 50 mg/kg, including soil. Impacs®ils containing less than 50
ppm PCBs are not regulated under TSCA, providetthigaconcentrations are "as
found" at the site and the impacted soil has nenbmixed with clean soil to
reduce total concentrationSoils containing PCBs at a concentration greater
than 50 mg/kg must be treated and disposed of cordance with TSCA
regulations.

TSCA regulations present several cleanup standard3CBs in soil. In general,
these cleanup standards are no applicable to thié¢sare not strictly regulated
under TSCA. The cleanup standards primarily apelgpills within and around
electrical substations and should not be appliedyeneral to residential or
commercial/industrial sites that are found to bataminated with PCBs. For
example, a TSCA cleanup standard of 1.0 mg/kg tenofuoted for PCBs in
residential areas. This “cleanup level,” presentedOCFR761 Subpart G for
“high occupancy areas” (defined as >6.7 hours ex@oper week) is based
primarily on laboratory detection levels for PCBsthe 1980s and not strictly
risk-based, nor does it reflect currently useddibyxifactors for PCBs. Although
almost identical to the residential action levet CBs in soil of 1.1 mg/kg
presented in the EALs (refer to Table K-1 in Apperij, the TSCA cleanup level
of 1.0 mg/kg is not technically supportable and nz#nbe referred to in soll
cleanup actions for unrestricted (e.qg., residentiahd use.

TSCA regulations also present a soil cleanup ofnapkg PCBs in “low
occupancy areas” (defined as <6.7 hours exposuresgek). This cleanup level
is presented under "Requirements for decontammapills in other restricted
access areas." TSCA defines a "restricted acceaS as a "...fenced or walled in
area" associated with the spill of PCBs in or atban electrical substation or
similar area ((40 CFR 760.125(c)(3)). If this doespply to your site, neither
does the TSCA cleanup level of 25 mg/k§or commercial/industrial sites in
general, the TSCA soil cleanup level of 25 mg/kwptsapplicable.
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The TCSA cleanup levels are intended to prevent iddup of high
concentrations of PCBs in areas where electricakers may be exposed to spills
on a regular basis (e.g., around transformers dhdr celectrical equipment).
They were not intended for use as cleanup levels rasidential or
commercial/industrial areas where PCB containingigggent is no longer being
used or was never used. As described in the $d&idbstances Control Act
(TSCA) regulations (40 CFR 761.120(e)(2)), the P&&anup levels presented
were developed assuming "...(worker) exposures cagsd with ...typical,
electrical equipment-type spills..." This can e@bly be interpreted to refer to
isolated and localized leaks and spills relatedthie normal operation of
transformers and other electrical equipment.

TSCA regulations also clearly state that "EPA feess the possibility of
exceptional spill situations in which site-specificsk factors may warrant
additional cleanup to more stringent numerical démmination levels than are
required by (the TSCA) policy (40 CFR 761.120(bjdr this reason and as
summarized abovehe EALs for PCBs presented in the lookup tableshisf
guidance document take precedence in all soil elpaactions not associated
with the normal, ongoing operation of transformeasid other electrical
equipment.

2.12.4 Hazardous Waste TCLP Standards

Waste is classified as either “hazardous” or “naahndous” in part based on
Toxicity Characteristic Leaching Procedure (TCLR)algsis for solids and
associated TCLP leachate standards (USEPA 1990he TCLP leachate
standards are intended to determine the type dfilaa waste material must be
sent to (USEPA Title 22, Section 66699 - Persistamnt Bioaccumulative Toxic
Waste). If TCLP standards are exceeded, the wasgsgt in general be sent to a
Class I, hazardous waste landfill.

The TCLP leachate standardsinnot be used to screen soils for potential
environmental hazards, including potential leachimazards. The leachate
standards, developed in the 1980s, are only lodsated on human health and
environmental considerations and apply only to @ild other materials) placed
in a lined, regulated landfill. The standards ad apply to potential leaching

hazards outside of a regulated landfill.

The TCLP test itself is, however, very similar toetSynthetic Precipitation
Leaching Procedure (SPLP) test recommended by HRROHE more site-specific
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evaluation of leaching hazards (HDOH 2007b, seeti®ec4.3.3). The
concentration of a target chemical in soil and essed TCLP test data can be
used in lieu of SPLP data in the Batch Test Learhutodel to calculate
chemical-specific sorption coefficients and assecisaconcentrations in leachate
if SPLP data are not available, although the lattex preferred (see HDOH
2007b). Refer to Section 4.4.3 and Appendix 1 daidance on appropriate
methods for screening of contaminated soil and agagres for evaluation of
potential leaching hazards.

2.12.5 OSHA Permissible Exposure Limits

The National Institute for Occupational Safety atealth (NIOSH) is the US

Federal agency responsible for conducting resesrdimaking recommendations
for the prevention of work-related disease and rinjuncluding exposure to

hazardous chemicals in air (NIOSH 2007). NIOSHedsps and periodically

revises Recommended Exposure Limits (RELS) for ttkmes substances in the
workplace. The RELs are used to promulgate Pelloles€Exposure Limits

(PELSs) under the Occupational Safety and Health(BSHA).

In most cases, OSHA PELs are not appropriate faitieisk evaluations for
commercial settings where the chemical is not ctilyebeing used as part of a
regulated, industrial process. This includes s##scted by the migration of
offsite releases (e.g., via emissions from a mowviligme of contaminated
groundwater). OSHA PELs are derived for an ocdapat setting, where the
chemical in question is used in the industrial psss i.e., workers and others who
might be exposed to the chemical have knowledgth@fchemical's presence,
receive appropriate health and safety training, amay be provided with
protective gear to minimize exposures. OSHA PHEesdarived for adult, healthy
workers and are not intended to protect childreagpant women, the elderly, or
people with compromised immune systems.

As one example, the current OSHA PEL for tetracdtiylene (PCE) is 678,000
pg/m (100 ppmv, NIOSH 2007). Comparable risk-basedoactevels for
commercial/industrial exposure settings includedhis document fall between
0.68 pg/m and 10 pg/rh (carcinogenic effects vs noncarcinogenic effects,
respectively; refer to Table E-3 in Appendix 1).The PEL is applicable to
regulated work areas where PCE is being used amcemiployees have been
properly trained to minimize exposure. The rislsdzhaction levels for indoor air
presented in this guidance document are applicalddl other areas.
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Environmental Hazard Evaluations

3.1

Steps to Environmental Hazard Evaluation

Environmental Hazard EvaluatiofEHE) ties site investigation activities to
remedial actions (refer to Figure 1-1). Duringstistage of the environmental
response process, data collected at the site arewexrl and potential

environmental hazards posed by contaminated sdigaoundwater are identified
and evaluated (Figure 3-1). In most cases thisbsik relatively simple task and
the text of the evaluation itself will be very Hbrie Although not required,

preparation of the EHE is greatly simplified by quanison of the site data to Tier
1 Environmental Action levels (Tier 1 EALS) andparticular by use of the EAL

Surfer.

It is important to begin to identify potential ermmental hazards at a site as
soon as initial soil, groundwater and other dagraceived. This is used to guide
completion of the site investigation as well agiate discussions regarding the
need for remedial actions. Questions that shouldomsidered as part of the EHE
include:

1) Of the initial list of contaminants of potential rewern, which
contaminants pose potential environmental hazanderwncontrolled site
conditions?

2) What are the specific environmental hazards pogetidse contaminants?

3) Are additional site data needed to better defimeexktent and magnitude
of contamination or the potential environmentaldrds identified?

4) |Is an advanced evaluation of a specific environaldrdzard warranted?

5) What is the distribution of potential environmerttakzards across the site?

6) Are remedial actions required to address the ha2ard
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Answering these questions is not as difficult asaty at first seem and does not
require a significant amount of technical expertise the field of “risk
assessment.” Approaching the EHE in a step-wishida will ensure that all
potential environmental hazards are adequatelyideresl and that the most cost-
effective and appropriate remedial actions arectede

3.1.1 Identify Contaminants of Potential Concern

Contaminants of potential concern (COPCs) are sslelcased on the known or
assumed past use of hazardous chemicals at theTsite is an important part of

the Phase | assessment of the site and the sulbsquyeparation of a sampling

and analysis plan. For example, if gasoline wasest at the site then the target
COPCs should be TPHgasoline, BTEX, naphthalenel $ea fuel oxygenates

(refer to Figure 2-4). If the site was used to mpesticides then the specific types
of pesticides should be identified. Related comamnts such as arsenic, lead,
mercury and dioxins should also be considered CORspters 2 and 4 provide
additional guidance for petroleum- and pesticidetaminated sites.

The list of contaminants of potential concern carghickly narrowed down once
representative initial data are obtained by conmggatine data to the HDOH Tier 1
Environmental Action levels (Tier 1 EALs, refer t@hapter 2). If the
representative concentration of a contaminant adoégxceed the corresponding
Tier 1 EAL then it can be reasonably assumed thaooinant does not pose a
significant environmental hazard. If the Tier 1 EAlLexceeded, then additional
evaluation of that contaminant is warranted. Comants that exceed the Tier 1
EALs should continue to be considered COPCs andiedarthrough the
environmental hazard evaluation process, as destchblow.

3.1.2 Identify Potential Environmental Hazards

A summary of common environmental hazards poseddmyaminated soil and
groundwater is provided in Chapter 1 (see alsoregd-1 and 1-2). A detailed
evaluation of each environmental hazard on a gieific basis would be an
arduous and time consuming task. Fortunately, lévsl of effort will rarely be
necessary. As discussed in Chapter 1, a simpl@a&oson of site data to the Tier
1 EALs offers a relatively rapid and cost-effectiadternative to detailed
environmental hazard evaluations and related ssiessments. Use of the EAL
Surfer included with this guidance to identify paial environmental hazards and
expedite Tier 1 EHESs is highly recommended.
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Example printouts of the EAL Surfer are providedFigures 3-2a (data input
form), 3-b (detailed environmental hazards) anccIEHE summary report). To
use the Surfer, select the appropriate site seenm&Earmation from the pulldown
list (groundwater utility, depth to top of contamiad soil and land use), select
the target contaminant, and (optional) input theesentative concentration of the
contaminant in soil or groundwater (Figure 3-2&lote that soil action levels for
direct exposure, vapor intrusion and gross contatiain hazards are higher (i.e.,
less stringent) for commercial/industrial land us$kan for unrestricted
(“residential”) land use. Soil action levels farathing hazards are unchanged
since, in the absence of required, engineered aesn{e.g., pavement over
contaminated areas), use of the land for residergigsus commercial purposes in
itself does not necessarily alter the threat taugdovater.

The Surfer will generate Tier 1 EALSs for the seéetthemical and site scenario.
If included, the Surfer will also indicate if tha@put soil and/or groundwater
concentration exceeds the Tier 1 EALs. The irgmuricentrations are compared
to action levels for specific environmental hazamsthe second worksheet
(Figure 3-2b). The Surfer flags hazards whereaittgon level is exceeded. A
separate, summary report is generated that carribeg and included in the
Environmental Hazard Evaluatiaport for the site (Figure 3-2c).

The example presented in Figures 3-2a, b and @sedbon an assumed residential
land use scenario with contaminated soil situag¢sd than three meters below the
ground surface (“shallow soils”). Groundwater iswarent or potential source of
drinking water. In the example, the input concatmns of benzene in soil (5.1
mg/kg), groundwater (150 pg/L) and soil gas (540migcause the Tier 1 EALs
for both media to flagged (Figure 3-2a). A lookthé detailed action levels
worksheet (Figure 3-2b) indicates that benzeneoihas the input concentration
could pose soil direct exposure, vapor intrusiond aleaching hazards.
Groundwater contaminated with 150 pug/L benzene pdseking water toxicity
concerns but no other potential hazards. Potewsipbr intrusion hazards are
confirmed by the input soil gas data. These p@khtzards are summarized in
the Summary EHE Report worksheet of the Surfers Worksheet can be printed
and included in the appendices of the formal EHE) & brief discussion of the
potential environmental hazards flagged and recamde@ followup actions
included in the text of the report. Recall thas tthoes not necessarily mean that
the contamination does in fact pose the hazardsatet!, only that thpotential
exists and that additional evaluation is warranted.
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3.1.3 Complete the Site Investigation

The objective of the site investigation is to detee the extent and magnitude of
contamination to the degree needed for adequatetifidation of potential
environmental hazards. Determining the extentoot@mination to “non-detect”
levels of targeted COPCs is rarely necessary. i®igstigation activities can be
considered complete when the vertical and latetant of contamination above
Tier 1 EALs is determined. In some cases (e.gvesdtigation of
commercial/industrial areas with land use restid), the delineation of
contamination to higher action levels is acceptalide aware that the distribution
of contamination could be discontinuous. For exampregular pulses of
releases over time can result in groundwater pluthas taper off to less than
EALs with increasing distance from the source a@mehtrise again, as an older
slug of contaminants is encountered.

The identification of potential environmental hai@) and completion of the site
investigation is an iterative process. For exampfe,direct exposure to
contaminated soil is flagged as a potential haztweh site data should be
reviewed to ensure that the limits of contaminatare adequately identified.
Estimating representative contaminant concentrat&mnoss exposure areas (e.g.,
residential yards, commercial lots) rather thancsgespill areas is generally
acceptable. This is because a person is assumé@v® equal access (and
therefore equal exposure) to all parts of the sit#,just the contaminated areas.
For large industrial complexes, the property magdne be divided into smaller
decision units based on specific exposure aregs, (@ecific work areas at an
industrial site). The collection of multi-incremersiample data in specific
exposure areas to better estimate exposure poigentrations should also be
considered. As discussed in Chapter 4, the calleaif bioaccessibility data for
arsenic-contaminated soil is recommended whendheentration of total arsenic
exceeds 24 mg/kg. This is used to better evaluegeteexposure concerns.

If soil leaching hazards are identified then speapill areas should be identified
and treated as separate decision units. Unlikectdiexposure hazards, data
collected outside of contaminated areas shoatde considered when estimating
representative soil concentrations. This is bezdhe decision unit is the spill
area, not the site as a whole, and the target ptece of concern is the
groundwater that directly underlies the contamidageil. If Tier 1 soil action
levels for leaching concerns are exceeded themddny batch leaching test data
can be collected for the target contaminants antbee advanced evaluation of
leaching concerns carried out (refer to ChapterBYtch tests can also be used to
confirm the cleanup of soils contaminated with cleais that could threaten
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groundwater resources. Keep in mind that soil datanot necessarily good
indicators of potential groundwater contaminatioithis is especially true for
chlorinated solvents. Releases of wastewater sonéed with solvents may not
leave an identifiable smear zone in vadose-zonedsm to the low sorptive
capacity of the solvent compounds.

Soil or groundwater data flagged for potential vapdrusion hazards almost

always mean that soil gas samples should be cedlettthe site. The model used
to develop the soil and groundwater actions lef@isvapor intrusion estimate

soil gas concentrations of the target contaminbatsed on assumed default soil
properties and are considered to be conservatietialsoil gas data for the site
are much more reliable for evaluation of this hdzdrme collection of methane

data is also useful at sites with heavy petroleonmtamination.

3.1.4 Evaluate Targeted Environmental Hazards

Potential environmental hazards flagged by comearisf site data to Tier 1
EALs (or approved alternative action levels) maynr@y not in fact exist at the
site. The EALs intentionally assume uncontrolleatrent and future site
conditions in order to minimize future restrictioosa use of the property (i.e.,
unpaved, soil exposed at the surface, contaminaottsstrongly bound to soil,
nearby aquatic habitats, etc.). Actual site comaist could differ, causing the
contaminants to pose a much lower threat to huneatthhand the environment
than a simple, action level evaluation might implyn these cases a more
advanced and site-specific evaluation of targetemitus is advisable and in some
cases could even be required. Example approadnesvéluation of specific
environmental hazards are provided in Chapter 4.

3.1.5 Identify Potential Additional Environmental Hazards

The EALs are intended to address common envirorahéarzards at sites where
contaminated soil and groundwater are identifi@tle majority of these sites will

be located in industrialized or urbanized areasre/be threat to sensitive
ecological habitats is limited. Additional, potehienvironmental hazards should
be identified and evaluated as appropriate on e-bsitsite basis (refer to
discussion of EAL limitations in Section 1.6). $tgould include the runoff of
contaminated soil into aquatic habitats and impaots sediment quality,

bioaccumulation of contaminants aquatic organismpake of contaminants in
produce, explosive hazards associated with metbaiidup, etc. (refer also to
Chapter 4 -Advanced Environmental Hazard Evaluatipns
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3.1.6 Prepare Environmental Hazard Maps

Question Five in Section 3.1 asks about the digiob of environmental hazards
across the site. Instead of thinking in terms oftaminants and contaminant
concentrations, it is now important to start thnkin terms of the actual hazards
posed by the contaminants at the site. What arethe site pose potential direct
exposure or vapor intrusion hazards? What areath®fsite pose potential
leaching hazards? In what areas will grossly comatad soil likely be
encountered during future subsurface activities?

Understanding the site in terms of environmentatahds rather than just

contaminant concentrations is important, since timderstanding serves as the
basis for cleanup decision-making as well as le@rgitmanagement plans. For
the latter, the preparation of post-cleanup, “a#t“benvironmental hazard maps

is especially important. As discussed in the previcections, this can be
accomplished by comparison of site data to HDOHoadevels (or acceptable

alternatives) for targeted hazards. While not ssaely required to complete a
project, such maps can help guide completion ofamdmarize the results of a
site investigation, as well as assist those taskddthe preparation of remedial

actions. A combination of contaminant distributioraps and environmental

hazard maps may, however, be required for sitesrevbentamination above

action levels for unrestricted future use of theparty is to be left in place and

managed over time.

An example soil environmental hazard map (based @rmer pesticide mixing

area) where solil is contaminated with dioxin, aisechlorinated pesticides, and
heavy oil is presented in Figure 3-3. Areas of Bjeebazards were delineated by
comparison of soil data to detailed environmentiioa levels (e.g., refer to
HDOH EAL Surfer). Remedial options could vary withspect to the specific
environmental hazard(s) posed in a given area. Asirderim measure,

contaminated soil that poses direct exposure hazead be consolidated and
placed under a well-managed soil cap. Areas ofasoimated soil that pose
leaching concerns will, in contrast, require somgpet of impermeable cap.
Immediate removal of soil that is grossly contartedawith petroleum is

recommended.

An example groundwater environmental hazard mapresented in Figure 3-4
(based after a former gasoline bulk fuel termin@ipntaminated soil has been
removed. Remaining groundwater contamination pesgsral potential hazards,
including vapor intrusion, toxicity to aquatic hids, and gross contamination
along the shoreline (odors and sheens). Areasetifsgphazards were delineated
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by comparison of groundwater data to detailed @mvirental action levels (e.qg.,

refer to HDOH EAL Surfer). The site was to be rezleped for residential use.

Soil gas data confirmed potential vapor intrusiazdrds. Aggressive treatment of
the area of groundwater that posed vapor intrusamards was required prior to
redevelopment. Aggressive remediation of groundmitat posed acute aquatic
toxicity hazards and gross contamination (odors streens) within 50 meters of
the shoreline was also required. Long-term momigpof remaining groundwater

contamination was required.

As described above, property owners, developetstlagir consultants can utilize
environmental hazard maps to help prioritize aggves(and often costly) site
cleanup actions by focusing resources on the messmg hazards first. In many
cases this may permit redevelopment of the siter poi the completion of final

cleanup actions and the generation of funds toesddremaining environmental
hazards through less aggressive and presumably clesity measures (e.g.,
focused treatment of hot spots, in situ treatmehtremaining groundwater

contamination, long-term monitoring, institutiorzadd engineering controls, etc.).

3.1.7 Recommend Followup Response Actions

Determining the most appropriate response to asdeasironmental hazards at
contaminated sites depends on a number of faciwkiding the presence or
absence of hazards under current conditions, #mnpt future use of the site, the
cost-benefit of postponing cleanup until a latenetj natural attenuation of
contaminants over time, regulatory requirements, Atpartial list of potential
recommendations is provided under Item 7 in Se8tbn Refer also to advanced
environmental hazard evaluation approaches disdussghapter 4.

Preparing a simple summary of environmental hazpod®d under current site
conditions versus unrestricted site conditions @d in the selection of
appropriate response actions. What types of emviemtal hazards could the
contamination pose under uncontrolled site conastto What controls are
currently in place to eliminate or reduce theseahdg? What types of additional
actions are needed to address existing hazards& e of response actins are
needed to fully eliminate the environmental hazamis$ allow unrestricted, future
use of the site? What type of hazards will s@llgyesent at the site following the
recommended response action in the absence of emmgth or institutional
controls? Do recommended controls need to be fbrimaplemented at the site
(e.g., via a covenant to the deed)? An examplmdorfor summarizing these
issues is provided in Figures 3-5a (contaminatal) aod 3-5b (contaminated
groundwater).
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When practicable, full cleanup of contaminated smitl groundwater to permit
future unrestricted use of the property is desgablf full cleanup will not be
carried out, the extent and magnitude of remainogitamination must be
summarized and the potential environmental hazaodsd by the contamination
under uncontrolled conditions clearly describede Tieed for institutional and
engineering controls must then be evaluated. Tlezs#rols could include
restrictions on activities such as excavation oll drdling, installation of vapor
mitigation systems under buildings, capping of eomhated soil to prevent
exposure or leaching, long-term monitoring of grdwater, etc. These actions
must be described in a site-specifimvironmental Hazard Management Plan
The preparation oEnvironmental Hazard Management Plaiss discussed in
more detail in Chapter 5.

3.2 Preparation of Environmental Hazard Evaluation
Reports

The Environmental Hazard EvaluatiofEHE) should serve as "stand alone"
report that provide a good summary of environmempacts at a site and the
existing or potential hazards posed by the contatiwn. The report should

include the following information:

1. Site Background
» Describe past and current site uses and activities.

* Describe reasonably anticipated future site usek aaivities. Always
include a comparison of site data to EALs for utireted (“residential”)
land use to evaluate need for formal land use icgéstis and other

institutional and engineered controls; see Se@idn
2. Summary of investigations (including to-scale meyis a north arrow):

- ldentify all types of impacted media (soil, grourader, surface water,
etc.).

 Identify all sources of chemical releases.

 ldentify initial chemicals of potential concern.
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Identify magnitude and extent of impacts that esc&#Ls to extent
practicable and applicable (include maps of sitéhwsoconcentration
contours for soil and groundwater as practicable).

Identify nearby groundwater extraction wells, beded surface water and

other potentially sensitive ecological habitats.

Ensure data are representative of site conditions.

3. Applicability of Tier 1 EALSs or alternative actidavels:

Do Tier 1 EALSs exist for all chemicals of concern?

Does the site have a high public profile and tlemeefrequire a higher
degree of decision confidence (including preparatiba detailed, human
health risk assessment)?

Do soil and groundwater conditions at the siteediignificantly from
those assumed in development of the lookup tabkles, (low pH at mine

sites)?

Do impacts pose a heightened threat to sensitio®gical habitats (e.g.,

presence of endangered or protected species)?

Have more than three carcinogens or five chemicaih similar
noncarcinogenic health effects been identified l(ekng petroleum, see
Section 2.10)?

Other issues as applicable to the site.

4. Selection of soil and groundwater categories:

Hawai'i DOH

State the regulatory beneficial use of impactedoatentially impacted
groundwater beneath the site; discuss the actialy Ibeneficial use of
groundwater based on measured or assumed qualityeogroundwater
and the hydrogeologic nature of the soil or bedradntaining the

groundwater.
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Characterize the soil type(s) and location of inpdcsoil as applicable to
the lookup tables (e.g., soil stratigraphy, sodtwee and permeability,
depth to and thickness of impacted soll, etc.).

5. Selection of EALs and comparison to site data.

Summarize how Tier 1 EALs were selected with resper the

information provided above and additional assunmstias applicable.

Compare site data to the selected summary Tier LsHAresented in
Volume 1) and identify areas of soil or groundwateat pose potential

environmental hazards.

6. Identification of potential environmental hazards:

Identify specific, potential environmental hazatuws comparison of site
data to detailed EALSs or approved, alternativecactevels for individual
hazards (use the EAL Surfer; detailed tables ptedem Volume 2,

Appendix 1).

Identify any additional, potential environmentalzheds not specifically
addressed by the EALs (refer to Section 3.1.5).

Consider presentation of environmental hazard nmapke EHE to help

guide followup remedial actions and long-term sii@nagement plans.

7. Conclusions and recommendations for followup astigoossibly including

(see also Section 3.1.7):

Hawai'i DOH

Recommendation for no further action;

Recommendation for the collection of additional,sgpioundwater and/or
soil gas data to complete the site investigation aelineation of

environmental hazards;

Recommendation for more advanced evaluation ofipesnvironmental

hazards, including (refer to Chapter 4):

« Use of SPLP batch tests to evaluate potential lngdtazards;
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« Collection of soil gas data to better evaluate vapurusion
hazards;

« Testing of soil for bioaccessible arsenic datadtids evaluate risk
to human health;

« Preparation of a tradition human health and eco&grisk

assessments to quantify risks to human and/or gicaloreceptors;
« Field evaluation of potential gross contaminatiezdrds;
« Evaluation of free product mobility.

* Recommendation for preparation of a remedial agbian to address the

identified environmental hazards;

* Recommendation for land-use restrictions and/atitirt®nal controls to
address the identified environmental hazards iratisence of full cleanup
to unrestricted land use (e.g., requirements fpscatc.; formal land use
restrictions, etc.).

* Recommendation for preparation of a&nvironmental Hazard

Management Plan

The conclusions and recommendations of the EHE IdHwai referenced in and
used to develop the remedial action plan. For @nair sparging and soll
vapor extraction could be the most appropriate dgme address vapor intrusion
hazards. In situ chemical oxidation may be effective in reducingntuwgent
hazards associated with the contamination of malgirinking water resources or
potential discharges of contaminated groundwatendarby aquatic habitats.
Excavation could be the most cost-effective apgrodo address gross
contamination hazards in soil within five meterstioé ground surface. In-situ
free product recovery could be appropriate of askitkeeper, gross contamination
hazards at the groundwater interface. Capping eldan soil may be appropriate
to address direct exposure hazards at sites wheredil cannot be removed.
Capping with pavement or some other type of impaitee barrier would be
required for solil that poses potential leachingandg.
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The above elements are not intended to be exhaustivepresentative of an
exact outline required for all Tier 1 EHEs. Thedeof detail required for an
EHE will vary at individual sites. For relativelyngple sites, the EHE can be
included as a separate chapter in the post-renediegport with EAL Surfer
printouts for target COPCs included in the appesslicPreparation of a separate
EHE that serves as a stand-alone summary of sieittmns may be more
appropriate for complicated sites. As discussexv@pboth maps that summarize
the extent and magnitude of contamination as welinaps that depict areas of
specific environmental hazards (or some combineth fof the maps) are very
useful components of EHEs. This information maynthe passed on to persons
developing remediation action plans for active wlga of contaminated areas
and/orEnvironmental Hazard Management Plaios long-term management of
sites that cannot be fully cleaned up.

Conditions that pose immediate or short-term emwitental hazards should be
addressed as quickly as possible. This includessxp of residents or workers
to potentially harmful levels of contaminants irl gtdirect exposure”), impacts

to water supply wells, intrusion of vapors or meihanto overlying structures
(including explosion hazards) and discharges @& fi®duct to surface water.

The approach described in this chapter was refdoegs Environmental “Risk
Assessment” and in previous editions of this guigafe.g., HDOH 2005). The
term “risk assessment” is replaced with the termazdrd evaluation” in this
edition of the guidance document. This was donpairt to reflect the fact that
the guidance was prepared by tBevironmental Hazard Evaluatiogection of
the HDOH HEER office. This was also done to hahtidguish an EHE from a
traditional human health and ecological risk assests. Human health and
ecological risk assessments can of course be edlasg one component of an
Environmental Hazard Evaluatioibut they cannot be used as stand-alone tools to
determine the need for potential cleanup actionssi#s where petroleum-
contaminated soil and groundwater are identifiedfefr to Section 1.2).
Additional information on human health and ecolagicisk assessments is
provided in Chapter 4.
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Advanced Environmental Hazard

Evaluations

4.1 Site-Specific Environmental Action Levels
4.1.1 Tier 1 Action Level Assumptions and Flexibility

The Tier 1 EALs presented in this guidance incaap®ra large number of
conservative assumptions about the toxicity of andbal and the potential
exposure to that chemical. These assumptions eaeviewed on a site-specific
basis as needed. This will be most common (thaidhrare) for soil action
levels in general and for soil, soil gas and groueie@r action levels intended to
flag potential vapor intrusion hazards.

The Tier 1 soil action levels are based on an aedukurrent or future
unrestricted land use (e.g., residential) and aoraption that the soil is currently
exposed at the ground surface, or could be in tiberd (see Section 1.2 and
Appendix 1, Chapter 4). Alternative action leviels commercial/industrial land
use versus residential land use and subsurfacasveusface or near surface soils
are provided in Appendix 1. These action levels ba referred to in a site-
specific Environmental Hazard Evaluation if desiredhis allows for more
flexible use of the EHE guidance without the tim&d aost of independently
developing similar, alternative action levels orase-by-case basis. Note that
use of alternative site assumptions could, howewgopse land use restrictions
on the property (e.g., commercial use only andémgiterm management of
subsurface contaminated soll).

It is important to understand that the action Isy@lesented in this guidance are
optional for use and intentionally conservative tbhe majority of sites where
investigations are carried out. As discussed ie fbrevious sections,
concentrations of chemicals above the action leglelsiot necessarily indicate
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that the chemicals pose a potential risk to huneaith and the environment, only
that additional evaluation is warranted. The HEERon levels in general denote
the lowermost concentratiomf a range of potentially acceptable contaminant
concentrations in the targeted media (i.e., indedtr soil gas, soil and
groundwater). Potentially acceptable contaminanicentrations in soil could be
significantly higher than the Tier 1 EALs and shi# protective human health and
the environment. In most cases it will be more timwed cost-beneficial to simply
refer to the HEER office action levels for final cton making purposes,
however, rather than develop site-specific actiewels. In other cases,
adjustment of the action levels on a site-spediéisis may be desirable or even
required by HODH (e.g., to address cumulative aslsites with a large number
of contaminants).

Site-specific action levels for indoor air and gndwater that is a source of
drinking water are the least flexible, discountiegnsideration of natural
background. This is because there are relativaly gite-specific variables for
these media, other than target risk (see Appenflix Ror example, exposure
models assume that the average person inhales 6-@0air and drinks one-two
liters of water a day. Many of the drinking watection levels are also
promulgated standards that cannot be adjustedh Wit exception of target risk
for indoor air, these assumptions cannot be scamtily altered on a site-specific
basis.

Groundwater action levels for potential discharges an aquatic habitat or for
vapor intrusion hazards could, in theory, be aéistn a more site-specific basis.
This will rarely be practical or beneficial, howeusee Section 4.4). For the
former the next step is more likely to be charazégion and monitoring of the

groundwater plume and a closer look at potenti@mugdwater-surface water
interactions if an aquatic habitat is indeed therat. The next step for potential
vapor intrusion hazards will be the collection dafilsgas data, rather than
additional modeling.

Development of site-specific soil action levelslv# more common. Soil action
levels are much more complicated and dependent longlist of site-specific
and chemical-specific factors. This is reflectgdabwide range of potentially
acceptable action levels and one reason why thePAS&nd individual states
rarely promulgate soil action levels as legally uieed, “cleanup standards.”
When they do, allowances are almost always maddeeelopment of more site-
specific action levels when necessary. Factorsidered to generate the Tier 1
soil action levels presented in this guidance idel(see Appendix 1):
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* Land use;

* Area, thickness and volume of impacted soill;

* Number of contaminants present;

» Chemical bioavailability/bioaccessibility

* Biodegradation;

* Groundcover (e.g., pavement vs grass vs barren soil

* Depth to contaminated soil;

» Distance from slab of building to top of impacte&d §VOCSs);

» Fraction organic carbon in soil;

* Soil density;

» Particle density;

* Soil porosity;

» Solil air-filled porosity;

» Soil water-filled porosity;

* Soil temperature;

* Rainfall;

» Evapotranspiration;

» Soil pH and Redox potential; and

* Groundwater depth, utility, flow rate and proximity a surface water
body.

Conservative assumptions about these site chasite@re incorporated into the
models used to generate the soil action levelc(desl in the appendices). Each
of these parameters could in theory be evaluatedniradvanced, site-specific
EHE, although in most cases this will have only iaamaffect on the original
action level and not be time- or cost-beneficiadtditial common exceptions
include a consideration of land use, area and velwh contaminated soll,
potential exposure at the ground surface, bioadubiys of arsenic in
contaminated soil and the use of laboratory batststto provide a more accurate
evaluation of potential soil leaching hazards.

The range of potentially acceptable cancer and arwer health risks that could
be used to develop soil action levels is also & waportant controlling factor.

Target risks used to develop the Tier 1 soil acterels generally assume the
presence of multiple contaminants with similar,gmal health effects at a site
(see Appendix 1). This is done in order to ensheg potential cumulative health
effects are take into account upfront and minintlze time and cost required to
do this on a site-by-site basis. For examplergetaexcess cancer risk of one-in-
a-million is used to generate action levels for tre@zscinogens. This is the most
stringent of the potentially acceptable excess &ansk range of one-in-a-million
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(10°) to one-in-a-ten-thousand (10 This in itself reflects a potential upward
adjustment of site-specific soil action levels ljy to two orders of magnitude.
Action levels for noncarcinogens similarly incorpty a default, conservative
assumption that up to four other chemicals withilaimhealth effects could be
present in the soil (see Appendix 1). If only mgé chemical were present then
based on this factor alone the soil action leveldde safely increased five-fold
and still be protective of direct-exposure concerns

As discussed in Section 4.2 and Appendix 1, adjestnof target cancer and
noncancer risks to more reasonable levels was magdeont for several
chemicals, based on a better understanding of ¢harence and nature of the
chemicals at site investigated in Hawai‘i as wellaamore detailed review of
toxicological studies. This includes chemicals thlhiguitous in trace amount in
soil, such as arsenic, PAHs and dioxins. This alsludes chemicals that do not
usually co-occur with other chemicals in signifitaamounts, such as
organochlorine pesticides in termite-treated saitgind and under buildings (e.g.,
Technical Chlordane and aldrin, with its breakdgevaduct dieldrin). In these
cases less stringent, but still protective, tatgsilth risks were used to develop
Tier 1 soil action levels upfront in order to mina® the need to so on a site-by-
site basis. Cumulative risks may need to be etadum more detail if multiple
contaminants are indeed present at a site, however.

Site-specific exposure assumptions such as expasuegion and frequency and
soil ingestion rates can likewise be evaluated @ase-by-case basis, although
this could lead to a requirement for land use i&gins or engineered controls.
Potential variations in these assumptions geneadd@ct soil action levels by less
than a factor of three to five. Published toxid#igtors used to develop the soil
action levels incorporate another host of assumptend safety factors that can
be reviewed on a case-by-case basis if warrant@d. described in the next
section, however, this process is much more timeswming and will require
significant input from an experienced toxicologisid approval by HDOH.

4.1.2 Safety Factors Incorporated into Direct-Exposure Soil Action Levels

It is important to understand the significance afety factors incorporated into
direct-exposure action levels for soil (and othexda). The majority of these
built-in safety factors are left untouched in &specific EHE or risk assessment.

Table 4-1 and Figure 4-1 illustrate an examplehefdevelopment of soil action
levels for typical chemical, modeled after dieldisee USEPA 1990c; for
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example only and not intended to be comprehensivd)e process begins with
the development of noncancer toxicity factors agldction of aLowest Observed
Adverse Effects LevéLOAEL), usually from animal studies. In the caske
dieldrin the selected LOAEL is 0.05 mg/kg-day (i@05 mg of dieldrin ingested
per kilogram of body weight per day (USEPA 1990chlealth effects were
identified in the laboratory animals after longrterchronic (e.g. several years)
exposure this level of dieldrin. Much higher less@lould have been required to
see acute health effects within days or weeksyv@n eninutes).

Next, aNo Observed Adverse Effects Le{MDAEL) is estimated. As the name
implies, this is the level where no adverse heealfects were observed in
laboratory studies. A NOAEL of 0.005 mg/kg-day vedected for dieldrin, in
this case assumed to be 1716f the LOAEL since a clear threshold was not
identified in the studies (i.e., the lower the nameer toxicity factor the more
conservative; USEPA 1990c).

For the purpose of this example, the LOAEL and NQA&e converted to
equivalent dieldrin concentrations in soil, followi the same models and
exposure assumptions used to develop the resietitiect exposure soil action
levels presented in Appendix 1 (see Table 4-1 agdr€ 4-1). A LOAEL of 0.05
mg/kg-day corresponds to an equivalent, risk-b@sedentration in soil of 3,100
mg/kg (based on target noncancer Hazard Quotientl.0j. The more
conservative NOAEL of 0.005 mg/kg-day equates tocoaespondingly lower,
equivalent concentration in soil of 310 mg/kg.

Laboratory-based LOAELs and NOAELs are almost atvayther adjusted

downwards (i.e., made more conservative) before ins@uman health risk

assessment. The NOAEL is then further adjustednd@sds (i.e, made more
stringent) by a series of safety and uncertainttois in order to generate a
noncancer Reference Dose (RfD) for use in humahhgak assessments or for
the development of risk-based action levels. Ingk@mple, the NOAEL is first

divided by an uncertainty factor of ten to takenimtccount the extrapolation of
laboratory animal data to human exposure. Thikas divided by an additional
uncertainty factor of ten to take into account ek of a reliable threshold dose
below which no adverse health effects will occufhe initial NOAEL based on

animal studies is therefore divided by a total wtasety factor of 100 in order to

generate an RfD for use in human health risk ass=ss This generates a final
RfD of 0.00005 mg/kg-day (see Table 4-1). Thisilsirty reduces the equivalent
soil action level by a factor of 100, to 3.1 mg(kge Figure 4-1).
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For development of an initial, Tier 1 action levéthe soil action level for
noncancer health risk is further reduced by a fastap to five (i.e., reduction in
target Hazard Quotient from 1.0 to 0.2) to take mtcount the potential presence
of other chemicals in the soil with similar headtffiects and associated cumulative
health risks (see Figure 4-1; see also Section)2.IDhis generates a final,
residential soil action level for potential noncancdirect-exposure hazards of
0.60 mg/kg. Note that this step is not considenethe USEPA RSLs (USEPA
2011a). The USEPA guidance instead recommends dinaulative risk be
evaluated at sites with multiple contaminants,alth in practice this is rarely
done (see Section 2.12.1).

Additional considerations such as potential canes (if applicable) are then
taken into account to determine if further reductmf the soil action level is
warranted. Inthe case of dieldrin, potentiallgegutable, cancer-based soil action
levels range from 0.03 mg/kg to 3.0 mg/kg, reflegtthe potentially acceptable
excess cancer risk (ECR) range of'16 10° (see Table 4-1 and Figure 4-1; see
also Appendix 1, Table I-1).

The final, Tier 1 soil action level for dieldrin @l therefore be set anywhere
between 0.03 mg/kg and 3.0 mg/kg in order to adgdoesh cancer and noncancer
risk (see Figure 4-1). Where the level is ultimatet depends on the target risks
used and the assumed number of other chemicalenpreb the case of dieldrin,
a final, Tier 1 action level for unrestricted lande of 1.5 mg/kg was selected,
based on a target noncancer Hazard Quotient of$@& Figure 4-1; see also
Appendix 1, Section 4.2.2). The target Hazard (@abttakes into consideration
the likely co-occurrence of dieldrin with its paterhemical, aldrin. This action
level also into consideration weaker evidence ofinagenicity for dieldrin and
meets the upper limit to the acceptable excessecangk of 10°. Cumulative
health risks would need to be evaluated if othexnabals with similar health
effects were identified in soil at concentratiomgtt approach their respective,
direct-exposure action levels.

Consideration of alternative exposure assumptiana site-specific EHE could
further increase the maximum-acceptable conceairati a chemical in soil (e.g.,
commercial/industrial use, exposure duration, assusoil ingestion rate, etc.).
Doing so may impose land use restrictions and evegineered controls on the
property, however. A closer evaluation of the gscand assumptions used to
develop toxicity factors could also be carried mud more formal, human health
risk assessment. This would be more time consummprequire input from an
experienced toxicologist, as well as approval byQ#D In the case of dieldrin,
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4.2

leaching concerns and other potential environmerdabrds would also need to
be evaluated in more detail (e.g., by SPLP batsisjteee Section 4.3.3).

This example is intended to demonstrate the ramgmi@ntially acceptable soil
action levels that could be developed on a siteifipédasis. The actual range of
acceptable levels will vary from chemical to cheahicAgain note that the large
safety factors built into the conversion of theldlim Lowest Observed Affects
Level to the final Reference Dose are not affettgdhe site-specific adjustment
of target risk or exposure assumptions (see Talil@dd Figure 4-1).

Tentatively Identified Environmental Hazards

Use of the Tier 1 EALs allows for the expeditedntigcation of contaminated
soil and groundwater that could, under some siteditions, pose a significant
threat to human health and the environment. Thaach allows sites with
minimal contamination to be quickly investigateddaremediated as needed,
without the need for costly and time consuming r&gsessments and other
evaluations of potential environmental hazards.

A more advanced evaluation of potential environmkertazards should be
considered as cost of remedial actions or the iitippsof engineered or
institutional controls begins to pose a significhntden on the responsible party
or property owner. A summary of possible approadkeerovided in Figures 4-
2a (soil) and 4-2b (groundwater). Examples include

* Use of bioaccessibility tests to estimate the paky toxic fraction of
total arsenic in soil (see HDOH 2010a). Bioacd®hisi tests carried out
on soils from former agricultural areas in Hawaypically indicate that
80-90% of the arsenic is so tightly bound to thi tdat it is essentially
nontoxic. This can significantly reduce or evemmelate the need for
capping or aggressive treatment of contaminateld gdlote that much
higher bioaccessibility has been identified in r@gmicultural soils that
lack high concentrations of iron, including soilsevéloped over
calcareous, coastal sediments.)

* The necessity and practicability of removing grosatamination in areas where
access is limited and no other environmental hazame posed should be
evaluated on a site-by-site basis. Targeted rehwiiaee product can be based
on an evaluation of the stability, potential mdliland recoverability of the
product (e.g., ASTM 2006).
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* Long-term monitoring of petroleum-contaminated grdwater is likely to
indicate that the groundwater contaminant plumeé rapidly shrink once
the source of the release and gross contaminaicemoved (see Chapter
5). This can be used to support a remedy of fatusggressive treatment
in the immediate release area and natural attemuats the selected
remedy in outer areas of the plume.

* Soil gas data provide a much more realistic ideeapbr intrusion hazards
initially flagged by a comparison or soil or growater data to Tier 1
action levels for this concern. Collection of sgéls data and comparison
to action levels for potential vapor intrusion hazawill expedite the
identification of buildings or even specific araafsbuildings at high risk
for potential indoor air impacts (see Table E).

» If direct-exposure to contaminated solil is the itigvenvironmental hazard
at a site and the contamination cannot be costtefedy removed, then
placement of a restriction on future land use @tluce or even eliminate
the need for aggressive remedial actions (e.g.eeneial/industrial land
use only).

Although “advanced,” these and other approaches fmore site-specific review
of potential environmental hazards flagged durihg Tier 1 environmental
hazard evaluation are not necessarily costly anchatonecessarily require a
significantly greater amount of technical expertise

These and other example approaches for more advaweduations are outlined
below. These evaluations can be relatively simgleh as the use of groundwater
monitoring data to evaluate leaching and plume atign hazards or soil gas data
to better evaluate vapor intrusion hazards. Otlpgraaches can be very time-
consuming and do require more technical expersisgeh as the preparation of a
human health or ecological risk assessment.

A Dbrief overview of human health risk assessmemntsl acological risk
assessments are provided at the end of this sedltugh the nomenclature
and intent of the two types of documents is oftenfased, it is important to
understand that a traditional human health risesssentannotbe used in place
of an Environmental Hazard EvaluatioiHuman health risk assessment focuses
on toxicological risks to humans associated witleatiexposure to contaminated
soil, groundwater, or air. While these risks ar@amant, direct exposure is only
one of several potential environmental hazards that addressed in a more
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comprehensive EHE (refer to Section 1.2). Actiorels specifically developed to
screen for potential direct exposure concernsrar@rporated in the Tier 1 EALS
(based on USEPA Regional Screening Levels, seewpeldPreparation of a

traditional, human health risk assessment is géyeoaly necessary at sites
where exposure of residents or workers to contamimabove target, risk-based
action levels is taking place and cannot be imnteljiaremedied or where

significant contamination is to be managed in plateresidential or other

sensitive use developments (schools, day care regnmteedical facilities, etc.;

refer to 4.3.1.3). In some cases, legal needhermpart of the responsible party
could also require preparation of a detailed huiveaith risk assessment.

4.3 Advanced Evaluations of Contaminated Soil

Example approaches for advanced evaluation of @mviental hazards posed by
contaminated soil are presented in Table 4-2a.riéf discussion of highlighted
topics is provided below.

4.3.1 Direct Exposure

4.3.1.1 Tier 2 Direct Exposure Model

This guidance document includes an easy-to-usegHbased spreadsheet model
(available for download from HDOH HEER office welgea that calculates site-
specific, Tier 2 direct-exposure action levels &wil based modifications to
default site conditions and human exposure assongtiThe model uses the
same equations used to develop the USEPA Regiamaé&ing Levels and the
Tier 1 action levels for direct exposure hazardsefrto Appendix 1). Printouts of
the model input pages (first two worksheets, twggsa should be included in the
Environmental Hazard Evaluation. All changes mamlel@fault input parameter
values must be discussed and supported in theftéxe report.

A copy of the first page of the model is providedrigure 4-3. To use the model,
simply select the contaminant of concern, seleetléimd use exposure scenario,
and adjust the soil parameter values as approfsaded on site data. Assumed
soil properties typically have very little effeah calculated direct-exposure action
levels. An exception is the input thickness of emmhated soil for volatile
chemicals. The USEPA source model assumes thaerthssion of a volatile
chemical from contaminated soil remains constaner othe entire 30-year
exposure period (USEPA 1996, 2011). This constamisgon progressively
depletes the mass of the chemical in the soil dwee. For highly volatile
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chemicals such as vinyl chloride and even benzemsntaining the model’s
theoretical vapor emission rate over 30 years waelduire the volume of
contaminated soil to be tens of meters thick. Thisot realistic for most sites.

The Tier 2 direct-exposure model includes an &digva, “mass-balanced”
volatilization factor that establishes a maximuongd-term vapor emission rate
based on the mass of contaminant present and swmad exposure duration
(default exposure duration = 30 years, USEPA 199K). adjust the soil action
levels simply input the site-specific thicknesssoil above Tier 1 EALs. The
spreadsheet automatically generates an adjusted,2Tidirect-exposure action
level for the selected land use. An action lesedlso generated for construction
worker exposure. If the latter is lower than ther® action level for the selected
exposure scenario then it is selected as the fawion level. Risk-based soil
action levels for construction workers can in marar be more stringent than
those for commercial workers at sites where sa#sc@ntaminated with metals
that are highly toxic via inhalation in dust (e.geryllium, Cr VI, cobalt, etc.;
refer to Table K-2 in Appendix 1).

Changing the input site parameters beyond the asslerposure scenario will
have very little effect on action levels for nomatile chemicals. This is because
the thickness of contaminated soil at a site (oremmrrectly the mass of the
contaminant present) does not play a significate ne estimating the risk or
calculating soil action levels for nonvolatile cantinants. Exposure assumptions
(exposure duration, target risk etc.) can be adglugt the spreadsheet. However,
most of these assumptions are essentially “fixed thhe noted exposure scenario
and will require review by a toxicologist for appab.

4.3.1.2 Tier 2 Action levels for Arsenic, Dioxin and Technical Chlordane

The HDOH published a series of technical memorarsdoetween 2005 and 2011
that provide alternative, Tier 2, direct exposucticm levels for arsenic, dioxin
and technical chlordane in soil (HDOH 2006a, 20864 2007a, 2010a, 2010b).
Copies of the technical memorandums are providedAppendix 8. The
information in these memorandums is restated amthted below. Use of the
alternative approaches presented is recommended.adtion levels are based on
modifications to the USEPA Regional Screening Leweded to develop Tier 1
action levels for direct exposure hazards (USEPAL20efer also to Appendix 1).

The alternative action levels can be used in pddicbe Tier 1 EALs provided that
other contaminants are not present above theieotisp Tier 1 (or Tier 2) action
levels for direct-exposure hazards. If elevateetle of other contaminants are
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present, then the cumulative health risk posedlbgfahe contaminants should

be estimated and evaluated in a site-specific, hunealth risk assessment. The
use of soil contaminated with arsenic, dioxins &&chnical chlordane as daily

(short-term) or interim (long-term) fill at land8l is discussed in the respective
summary tables for each contaminant.

Potential leaching hazards posed by arsenic amatddrne should be evaluated
separately.  Although relatively immobile, thesenteaninants could pose
potential leaching concerns under some conditiom¥ioxins do not pose a
potential leaching threat under any condition. @Réd Chapter 4 for guidance on
the site-specific evaluation of leaching hazards.

Arsenic

A detailed discussion of Tier 2 action levels amitlgnce for arsenic is provided
in Appendix 9 (HDOH 2010a). A summary of the HDOlér 2 action levels and
guidance for arsenic is provided in Figure 4-4.ala@frsenic analyses should be
used to initially screen soils for potential contaaion concerns. If the reported
total concentration of arsenic exceeds 24 mg/kguf@asd upper limit of natural
background), then the samples should be testdaldaccessiblarsenic.

Bioaccessible arsenic is the fraction of the tataknic in ingested soil that could
be available for absorption by a person’s digestreet and pose health risks.
Equivalent concentrations of bioaccessible arsemicsoil are calculated by

multiplying the reported total concentration of ea® by the fraction that is

determined to be bioaccessible by site-specifiadmessibility tests. USEPA
guidance for lead-contaminated soil calls for usthe <250 micron soil fraction

in bioaccessibility tests (USEPA 2000). This agplies for bioaccessibility tests
carried out on arsenic-contaminated soils.

The Tier 2 arsenic action levels do not consideemiial leaching of arsenic from
soil and subsequent impacts to groundwater. Theotitaboratory batch tests to
evaluate this potential hazard is recommended. erRef Section 4.3.3 for
additional information.

Dioxin

A detailed discussion of Tier 2 action levels amdtlgnce for dioxins is provided
in Appendix 9 (HDOH 2010b). A summary of HDOH Ti2raction levels for

dioxins is provided in Figure 4-5. Dioxins are caminants of potential concern
in former agricultural areas due to their presemse manufacturing-related
impurities in pesticides, especially pentachlorome  2,4,5-
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trichlorophenoxyacetic acid (2,4,5-T), and 2,4j6Hiorophenoxypropionic acid

(2,4,5-TP or Silvex). These pesticides were comgased in sugar cane and
other operations (see Section 9 of the HEER offieehnical Guidance Manual;
HDOH 2009 and updates). Dioxins can also be createzh organic material is

burned in the presence of chlorine.

Quantification of dioxins in soil for use in humhbaealth risk assessments requires
conversion of congener-specific GC/MS data to TioxiEquivalent (TEQ)
dioxin concentrations by use of Toxicity Equivalen€actors (TEFs; WHO
2005). The TEQ concentrations for individual comgys are then added together
to calculate a total TEQ dioxin concentration foe tsample. Tier 2 soil action
levels presented in the HDOH guidance are appkc#abladjusted TEQ dioxin
data.

Laboratory bioassay methods offer a cheaper afigenéor dioxin analysis in

comparison to standard GC/MC methods (typically 50fdess than GC/MS;
HDOH 2007a). Methods currently available include LCK and Cape

Technology's DF1 kit, with CALUX currently in mostse. Laboratory method
procedures for CALUX have also been formalized (BSE2008). A Bioassay
data are reported directly in terms of TEQ con@itns and do not require
conversion using congener-specific TEFs. Ten pérckthe samples (minimum
two per site) should be tested using GC/MS to confbioassay-based TEQ
dioxin data. The GC/MS analyses should be conduotedsamples with the
highest-reported bioassay TEQ dioxin results.

Dioxins (and furans) are not considered to be Sagmtly mobile in soil due to

their strong sorption to organic carbon and clastigdas (default koc 250,000
cnt/g; refer to Section 4.4 in Appendix 1). Considieraof soil leaching hazards
is therefore not considered to be necessary. ditkestiassociated with dioxins
could pose potential leaching and groundwater coini@ion hazards, however,
and should be included in testing and evaluation.

Technical Chlordane

Soils adjacent to or under buildings that are knawrsuspected to have been
treated with termiticides should be tested for nogdlorine pesticides before
reuse in open exposed areas (refer also to the HEERnical Guidance Manual
HDOH 2009 and updates). For “chlordane,” the latmyashould report the total
concentration of théechnical chlordanemixture rather than individual chlordane
isomers and related compounds found in the mixteuee, heptachlor). This must
be specifically requested on the Chain of Custadynfand discussed with the
laboratory in advance. Laboratories should alsoirstructed to report any
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additional organochlorine pesticides that are rypictlly found in technical
chlordane (e.g., DDT, dieldrin, endrin, etc.).

Technical chlordane is not considered to be sicgmifily mobile in soil due to its
relatively strong sorption to organic carbon araygbarticles (koc >5,000 cfy;
refer to Section 4.4 in Appendix 1). Technicalocdbane mixtures contain
multiple compounds with differing degrees of poi@ntmobility, however.
Laboratory batch tests are therefore recommendeydtuate potential leaching
hazards for soil that is to be left in place at i svith a representative
concentration of technical chlordane that exceedlsng/kg. Refer to Section
4.3.3 for additional information.

4.3.1.3  Human Health Risk Assessment

The preparation of a traditional, human health askessment may be required at
heavily contaminated sites that are unlikely toctkeaned up in the near term
and/or in cases where contamination is to be mahewgelace at sites being used
for residential or other sensitive land use purpdsee Section 4.1). A detailed
risk assessment is rarely required for petroleuntaroinated sites. An in depth
review of the preparation of human health risk sssents is beyond the scope of
this guidance document. Selected references fditiaoal information are
provided below:

* USEPA Regional Screening Levels: (USEPA 2011).

» Supplemental Guidance for Developing Soil Screehingls for
Superfund Sites (USEPA 2002a);

» Calculating Upper Confidence Limits for ExposurerP@oncentrations
at Hazardous Waste Sites (USEPA 2002b);

* Assessing the Significance of Subsurface Contarhiiapor Migration to
Enclosed Spaces (Johnson et al. 1998, 2003 andespda

* Exposure Factors Handbook (USEPA 1997a);
» Health Effects Summary Tables (USEPA 1997b and tesia

* Superfund Soil Screening Guidance: Technical Bamkgd Document
(USEPA 1996);
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* Supplemental Guidance For Human Health Multimedsk Rssessments
of Hazardous Waste Sites and Permitted FacilittzdEPA 1996);

» Standard Provisional Guide for Risk-Based Correcfiction (ASTM
1995);

* Preliminary Endangerment Assessment Guidance Md@adEPA 1994);
and

* Risk Assessment Guidance for Superfund. Volumeauméh Health
Evaluation Manual (Part A) (USEPA 1989a).

As discussed in Section 1.2, it is important to uemsthat all potential
environmental hazards are adequately evaluatetieatvghere human health risk
assessments are carried out.

4.3.2 Vapor Intrusion into Buildings

Detailed guidance on advanced approaches for ei@iuaf vapor intrusion
hazards is provided in Section 4.5. A more sitecffr evaluation usually begins
with the collection of soil gas data once conceéiutng of volatile contaminants in
soil or groundwater exceed Tier 1 action levelstfos potential hazard. The use
of site-specific vapor intrusion models in the atuseof soil gas data is strongly
discouraged.

4.3.3 Leaching and Contamination of Groundwater

Soil leaching hazards drive the selection of fifagr 1 EALs for the majority of
organic contaminants presented in the lookup tablést is, action levels for
leaching hazards are lower than action levels ii@ct exposure, vapor intrusion,
ecotoxicity and gross contamination hazards (rédeiables A through D in
Appendix 1). Leaching and contamination of grouathw resources will
therefore be a common concern at most contamirsites. In addition, action
levels for leaching hazards are not incorporatéd the Tier 1 EAL for metals,
since the existing models are very unreliable. Htals are suspected to be
potentially mobile, this concern must be evaluateste-by-site basis.

Laboratory batch tests are recommended for mogespiecific evaluations of soll
leaching hazards. Batch tests can also be usedriiom the cleanup of soils
contaminated with chemicals that could threatenugdwater resources. A
summary of this approach is provided in the Haw®&8partment of Health
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guidance documeridse of laboratory batch tests to evaluate poten@athing of
contaminants from so(HDOH 2007b). Four basic questions are posed:

1. “Is the contaminant potentially mobile?”

2. “What is the concentration of the contaminant ecleate in the primary
source area?”

3. “What is the concentration of the contaminant axcleate at the point that
the leachate reaches the top of the water table®” a

4. “"What is the concentration of the contaminant ialgrdwater after the
leachate has impacted the groundwater?”

Each of these questions should be answered ineasgs#cific evaluation of
potential soil leaching concerns.

The approach is relatively simple. As discusse@apter 1, decision units for
contaminants that pose potential leaching hazandsld be defined as specific
spill areas (refer to Section 1.4). A representasiample is collected. The sample
is tested for the target contaminant of potentiahcern. If the reported
concentration of the contaminant exceeds the Tiaction level for leaching
hazards, or if it is a potentially mobile metalemha split of the sample is also
tested using the Synthetic Precipitation Leachimgc&dure (SPLP) batch test
method. In this method, 100 grams of soil aregaaia two liters of buffered, de-
ionized water and the mixture is agitated for gpgetod of time. The ratio of the
mass of contaminant that remains sorbed to thecsoilpared to the mass that
goes into solution is théesorption coefficiengr K.

If the Ky value is greater than 20, then the contaminanbimsidered immobile
and no further action is required to address lewcihazards. A Kd of 20 is
equivalent to a Retardation Factor of approximatelQ), where: Retardation
Factor = 1 + [(soil density/effective porosity) xdK assuming a soil density of
1.5 g/cm3 and an effective porosity of 0.30 or 30%his implies that the
contaminant in the soil will be carried downwardddachate at 1/18f the rate
that the leachate itself is migrating. Chemicalhva Kd of greater than 20 in
soil rarely if ever cause significant groundwatentamination, unless the soil is
sitting directly in groundwater (refer to 2007 memoAppendix 8). This is in
turn a useful tool to screen sites for potentiatleng hazards. Potential direct
exposure hazards instead typically drive risk &ssimpacted by these chemicals
(e.g., DDT, PAHSs, PCBs, etc.).
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In cases where If the Kd value is less than 20 therestimated concentration of
the contaminant in leachate and ultimately in gowater is compared to target
groundwater action levels and the need for furtetion is evaluated. Note that
direct comparison of SPLP data to target groundwaigion levels is not
technically correct or appropriate in most case 2007 HDOH memo in
Appendix 8. If the Kd value is very high, evereththe measured concentration
of the chemical in the SPLP solution will indeed ey close to the predicted
concentration in leachate.

A detailed discussion of the approach is providedthe referenced HDOH
guidance (HDOH 2007b, included in Appendix 8). Tdwdance includes an
easy-to-use, Excel-based spreadsheet model thabeamsed to calculate 4K
values and estimate contaminant concentrationseachiate and groundwater
(available for download from the HDOH HEER officeelmpage). A copy of the
input page of the model is provided in Figure 4t&e of batch tests to confirm
the adequacy of soil action levels for leaching hams and final cleanup
actions is strongly recommended at sites that oveel highly valued and
vulnerable groundwater resources. Batch tests can be run on confirmation soil
samples in conjunction with standard soil analyaesminimal added costs
(including TPH).

4.3.4 Gross Contamination

Gross contamination of soil includes the presenteaientially mobile free
product, offensive odors, unaesthetic appeararergergtion of explosive vapors,
and general resource degradation. Although it nesmms counterintuitive, it is
possible for soil to be so heavily contaminatechveibme chemicals that the soil
is flammable but is not considered “toxic” in th&assic toxicological sense.
Acetone, methylethylketone, xylenes, and even @gasofin the absence of
significant benzene content) are a few exampless$contamination hazards
generally drive cleanup of soil contaminated witese chemicals.

When gross contamination hazards are flagged inTiee 1l Environmental
Hazard Evaluation then a check of actual conditionghe field is strongly
recommended. Soil heavily contaminated with diésel may not pose a direct-
exposure hazard but its presence at or near tHaceum a new residential
development would most likely not be welcome. Adwath evaluation of gross
contamination hazards for potentially flammableegplosive contaminants can
be carried out by the comparison of soil gas datawer explosive limits for the
target contaminants (refer to NIOSH 2007). Notat tihe OSHA PELs are not
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4.4

appropriate for evaluation of gross contaminaticazands (refer to Section
2.12.5).

Both TPH and methane should be included in soil ayzlyses for petroleum-
contaminated sites (see Section 2.6 and Sectio#)4.Bublished guidance on the
evaluation of methane hazards includes:

« CalEPA, 2005Advisory on Methane Assessment and Common Reragdies
Schools Site€June 16, 2005) California Environmental Protec#gency,
Department of Toxic Substances Control.

A copy of this guidance is provided in AppendixAglditional guidance on the
investigation and mitigation of methane hazardeésented in the HEER
Technical Guidance Manu@gHDOH 2009 and updates).

4.3.5 Terrestrial Ecotoxicity

Detailed, ecological risk assessments are rargyired at the majority of sites
overseen by HDOH, given their location in heavigvdloped, urban areas that
lack sensitive, terrestrial ecological habitatdie Tieed for a detailed evaluation of
terrestrial ecotoxicity hazards should be base@mrnspection of the site by a
qualified individual and the identification of pot&lly threatened habitats and
endangered or threatened species. Refer to theHHBEER Office Technical
Guidance Manualor additional guidance on the preparation of egw@al risk
assessments (HDOH 2009 and updates).

Advanced Evaluations of Contaminated Groundwater

Example approaches for advanced evaluations of@mental hazards posed by
contaminated groundwater are presented in Tablb. 4-A brief discussion of
highlighted topics is provided below.

4.4.1 Drinking Water Resource Contamination

Action levels for drinking water are not easily astpble. Toxicity-based
drinking water action levels for approximately 4@¥ithe chemicals listed in the
lookup tables are based on promulgated standatisaamot be changed (refer to
Appendix 1). Action levels for the remaining cheais as based on a USEPA
model for tapwater. The latter could in theorydmjusted based on alternative
exposure assumptions and toxicity factors but ther@ach used is relatively
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straight forward and rigid and adjustment is coasd unlikely. The same is true
for drinking water action levels based on grosst@mmation, taste and odor
concerns.

Site-specific evaluations of threats to drinkingtevaresources should instead
focus on plume mobility and the long-term persiseenf the chemicals released.
Nearby groundwater supply wells should be idertifieong-term monitoring
should be carried out to assess plume mobility.uBdwater fate and transport
models may be useful in some cases, but shouldencglied upon in the absence
of actual groundwater monitoring data and aquitgiadPetroleum plumes rarely
migrate more than a few hundred feet from the selesmrea. Persistent chemicals
such as chlorinated solvents, MTBE, pesticides, @tfer persistent chemicals
pose the greatest long-term threat to drinking wegsources. In some cases, the
installation of sentinel wells between the contaaninplume and a threatened
well may be required.

4.4.2 Vapor Intrusion into Buildings

Detailed guidance on advanced approaches for ei@iuaf vapor intrusion
hazards is provided in Section 4.5. A more sitecsfr evaluation usually begins
with the collection of soil gas data once conceéiutng of volatile contaminants in
soil or groundwater exceed Tier 1 action levelstfus potential hazard. The use
of site-specific vapor intrusion models in the afegeof soil gas data is generally
discouraged.

4.4.3 Discharges into Aquatic Habitats

Fewer than 20% of the action levels for aquaticcibxare based on promulgated
surface water standards. While adjustment of momplgated actions levels
based on alternative study data is feasible, Itraikly be required or beneficial.

As discussed for drinking water concerns, site-jgeevaluations of threats to
nearby aquatic habitats should instead focus om@Ilmobility and the long-term
persistence of the chemicals released. Nearbjacgumwater bodies should be
identified. Storm sewers and other potential cdisdthat cross through the
plume should also be identified. Long-term monitgmwith or without the use of
fate and transport models (generally not necessaiog)ld be carried out to assess
plume mobility. If plumes are discharging into aguatic habitat then a more
detailed evaluation of surface water and groundwiateraction and impacts on
aquatic organisms may be required.
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4.5

Use of a generic dilution factor to adjust actiewdls for the protection of aquatic
habitats is not recommended (refer to Chapter Zhis is because benthic
organisms that live at the groundwater-surface wateerface will not be
protected by dilution of groundwater in the wateluenn. Consideration of acute
aguatic toxicity action levels may, however, berappate on a site-specific basis
(e.g., discharges of groundwater into in highly eleped, harbor areas without
significant benthic habitats).

4.4.4 Gross Contamination

Gross contamination concerns for groundwater aregpily related to petroleum
releases. Check for free product if solubility itenfor target contaminants are
approached or exceeded. Check shoreline or stbeak areas beside areas of
heavily contaminated groundwater for sheens, odarsl related gross
contamination concerns. Monitor soil gas for mathduildup and potential
explosion hazards in areas of heavy petroleum ocantdion. Be sure to include
TPH and methane in soil gas analyses (see Se@ién4.3.4 and 4.5.4).

Advanced Evaluation of Vapor Intrusion Hazards
4.5.1 Overview of Vapor Intrusion

Use of the soil, groundwater and soil gas actiorele for vapor intrusion
concerns presented in this guidance to initiallesn sites contaminated with
volatile contaminants is highly recommended. ThegniScance of vapor
intrusion hazards is closely tied to local climataditions and building designs.
The mild climate, lack of heating in buildings ageheral improved ventilation of
buildings in Hawali'i significantly reduces vapotnasion hazards in comparison
to colder areas on the US mainland. Hawai'i-speattion levels for vapor
intrusion hazards are correspondingly less consieevthan actions levels used in
colder areas.

Volatile organic chemicals (VOCs) can be emitteanfrcontaminated soil or
groundwater and intrude into overlying buildingspacting the quality of indoor
air. While actual impacts to indoor air can varylaly from building to building,
and even within buildings, it is generally possitdeestimate worst case scenarios
for use in screening level risk assessments. Sailgas, and groundwater action
levels were developed for this purpose and incateor into the EALs A
summary of approaches used to develop the acti@tslés included in Appendix
1.
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Heating, ventilation, and air conditioning (HVACystems, basements, strong
winds, and other factors can exacerbate vapor siainuproblems by reducing
internal air pressure and creating a vacuum effieat enhances the advective
flow of vapors through building floors (e.g., USERAO3, CalEPA 2011). For
buildings with a slab-on-grade design, this carultes; the direct flow of
subsurface vapors into a building with little or aitution beforehand. The vapors
become diluted as they mix with fresh air beingwdran through the building’s
HVAC system or through open doors and windows, gelyeby a factor of 500
to 1,000 for residential buildings and higher f@menercial/industrial buildings
(see Appendix 1).

For buildings with a crawl space design, subsurfemgors are diluted as they
diffuse into and mix with air in the crawl spaceldve the building floor.
Additional mixing may or may not occur as the aamh the crawl space is pulled
into the building. Vapor flux through the buildirfgpor could be significantly
elevated in comparison to slab-on-grade desigrdimgis due to the operation of
an HVAC systems in poorly ventilated rooms (e.mq,umvented closet). This
issue is still being evaluated. An initial review mublished literature and site
data, however, suggests that soil gas-to-indooatéémuation factors for crawl
space design buildings may be very similar to thfsseslab-on-grade design
buildings.

The field of vapor intrusion investigations is Isgholving. Approaches to site
investigations and evaluation of vapor intrusioma®ns presented in guidance
documents noted above and discussed below shoulthendaken as stringent
requirements that must be applied at all sites.réyppate investigation and risk
assessment needs should be determined on a sdieebpasis. Site-specific
requirements could be less or more stringent thaset presented.

Published guidance documents on vapor intrusiorardgzand investigations
include:

« USEPA: User's Guide for Evaluating Subsurface Vaparusion into
Buildings (USEPA 2003 and updates),

« DoD: Tri-Services Handbook for the Assessment ef Wapor Intrusion
Pathway (DoD 2008);

« California: Vapor Intrusion Mitigation AdvisoryCalEPA 2011);

« Massachusettstindoor Air Sampling And Evaluation Guidg¢ADEP
2002b);

« Massachusett§/apor Intrusion Guidanc@ADEP 2010);
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« New Jersey: Vapor Intrusion Guidance, New Jerseypabeent of
Environmental Protection (NJDEP 2005); and

« New York: Guidance for Evaluating Soil Vapor Intrusion in tBéate of
New YorkNYDOH 2006).

Note thatvapor intrusion assumptions and screening leveleldped for use in
colder areas of the US mainland do not apply to Biaw Cold winters, heating
of buildings and less efficient ventilation canrsfggantly exacerbate potential
vapor intrusion hazards in comparison to HawaihisTcould be reflected by an
increased rate of vapor flow into buildings in @ldclimates as well as a
decreased potential for attenuation due to loweloar air exchange rates. In the
same mannelyapor intrusion action levels presented in thisdguice for soill,
soil gas and groundwater may not be adequately ewasive for use in areas
outside of Hawai‘i with colder climates and longwars.

4.5.2 Collection of Soil, Groundwater and Soil Gas Data

Refer to Section 7 of the HEER office Technical daumce Manual from detailed
information on the collection of soil, soil gas agundwater samples (HDOH
2009 and updates). A brief overview of samplingrapches specific to potential
vapor intrusion hazards is provided below.

4.5.2.1 Stepwise Approach to Vapor Intrusion Evaluation

The direct collection and analysis of indoor ampées may seem to be an easy
way to evaluate vapor intrusion concerns. Howelentification of the sources
of VOCs identified is complicated by the presentéhe same chemicals in auto
emissions and in many household goods (aerosoyspday-cleaned clothing,
cleaners, etc.). For example, ambient levels ozé&ea in outdoor air in urban
areas (related to auto exhaust) typically excees itidoor air action level
presented in Table C (0.31 udjnby an order of magnitude or more. Ambient
levels of dry cleaning solvent (tetrachloroethyleand other chlorinated solvents
in indoor air may also exceed the action levels@need in Table C (see Table
4.8a).

As an alternative, the sequential collection analeation of groundwater data or
soil data (see below), soil gas data and, if neeidedor air data is recommended.
These data can then be compared to action levelgafoor intrusion concerns
presented in this document and areas of elevateceoo quickly identified. The

following approach is recommended:
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1) Compare soil and/or groundwater data to apptgaction levels for
vapor intrusion concerns (see Tables C-1a and GFBppendix 1 or
the EAL Surfer); for sites with significant impacits vadose-zone
soils, proceed directly to Step 2;

2) For areas where action levels for vapor intmusmoncerns are
approached or exceeded or sites where significd@ases to vadose-
zone soils have occurred, collect shallow soil gssmples
immediately beneath (preferred) or adjacent todougs and compare
results to soil-gas action levels (refer to TablenEhis volume or
Table C-2 in Appendix 1).

3) At buildings where soil-gas action levels fopwa intrusion concerns
are approached or exceeded, further evaluate #g toecarry out an
indoor air study.

A more detailed discussion is provided belo8ite data should not be averaged
over an area greater than the existing or anticipad floor space area of a
building for initial evaluation of vapor intrusion hazards. A denser area of
data coverage may be required for buildings withaied rooms directly above
the slab.

The action levels are based on scientific modealsvdpor intrusion into buildings
as well as a growing body of data from actual figldestigations. A detailed
discussion of the action levels is presented inefpliix 1. The use of site-
specific vapor intrusion models for soil and growater is discouraged,
especially in the absence of soil gas data. Theetsaised are highly sensitive to
parameters such as soil vapor permeability andtmreis If site-specific models
are carried out then it is imperative to include a 15m of highly permeabile fill
material, as done for the models used to developtamn levels in this guidance
(e.g., “sand” in model default soil types, refer toAppendix 1, Chapter 2).
This will help reflect likely site conditions andh&ure a realistic vapor flow rate
through the floor slab.

4.5.2.2 Collection and Evaluation of Soil Data

Soil data arenot considered to be highly reliable for detailed eatibn of vapor
intrusion hazards. The collection and use of gad data is instead preferred
(refer to Section 4.5.2). Vapor intrusion acti@vdls for soil should only be
applied to sites where relatively minor releasesvaftile contaminants have
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occurred and the collection of soil gas data is casidered to be necessary
and/or feasible (see also HDOH 2007c).

4.5.2.3 Collection and Evaluation of Groundwater Data

Groundwater data should be collected at all sitesres significant releases of
VOCs are known or thought to have occurred and ewetpto action levels
presented in Appendix 1 of this document (TableaCske also Tables D-1a and
D-1b). Vapor emission rates are controlled byadbecentration of VOCs in the
upper few feet or even inches of the water talample data should be collected
from this zone, preferably by direct push, grab gammethods or monitoring
wells with short (e.g., five foot) well screenshi3 helps to avoid mixing deeper,
less contaminated groundwater with shallow groundwa It is important to
ensure that monitoring well screens span the tapeotvater table.

Action levels for vapor emissions from groundwatgo overlying buildings are
incorporated into the D-series tables in Appendiarid the summary tables
presented at the end of this volume as well ag#ie Surfer (electronic version
of the EAL lookup tables). Imported fill materiat disturbed native soils should
be considered to be highly permeable in site-sgeagsessments unless vapor
flow data into existing buildings indicate othereuisThis is incorporated into the
updated USEPA spreadsheets by use of a default flaporate into buildings of
approximately five liters per minute per 100af floor space (“Qsoil”).

The groundwater action levels for vapor intrusion oncerns are based on an
assumed three-meter depth to groundwater (see Appdix 1). These action
levels may not be adequately conservative for usstes with shallower water
tables. Proceeding directly to the collection ofl jas data directly below
building floors or adjacent, paved areas is insigaderable.

4.5.2.4 Collection and Evaluation of Soil Gas Data

Soil gas samples should be collected at sites wheileor groundwater data
suggest potentially significant vapor intrusion cems, as described in the HEER
office Technical Guidance Manualr as otherwise approved by the HEER office
(HDOH 2009 and updates). Soil gas samples shautmblbected over the core of
the groundwater plume and in nearby areas of canfeg., near residential
homes, commercial buildings, utility corridors, .etddeally, samples should be
collected immediately beneath the foundations adtesg buildings (“subslab”).

If this is impractical, then samples should be exitd from paved areas
immediately adjacent to buildings.
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In unpaved areas, soil gas samples should be tedidom a depth of 1.5m (five

feet) below ground surface (bgs). Samples colleftted depths less than 1.5m in
open (i.e., unpaved) areas are considered unrelé® to the increased potential
to draw in ambient surface air (see CalEPA 201Imhe collection of deeper soll

gas samples and soil-type data may also be usefeNaluating the lateral and

vertical extent of VOCs in the subsurface, as vasllin evaluation of deeper
utility corridors to serve as preferential pathwéysvapors into enter a building.

The collection of additional soil geotechnical dateould be considered if site-
specific modeling of vapor flow rates or indoor-ampacts is to be carried out,
(e.g., soil grain-size analysis, moisture cont&attion organic carbon, etc.). For
existing buildings with slab-on-grade constructidata must be collected from
the fill material immediately beneath the slab. isTls the layer of soil that

controls the advective (pressure-induced) flow apars into the building. In

most cases, the soil consists of a relatively dilgy sand or sandy silt that

exhibits a relatively high vapor permeability. $hassumption is incorporated
into the vapor intrusion models used to developaitten levels presented in this
guidance (refer to Appendix 1). It is inappropeiab use deeper soil data to
model this layer, since increased clay and moistor@ents could significantly

under predict the ability of the soil to convecpwes into the building.

For undeveloped sites where there are no existiidibgs, the presence of layer

of dry, permeable fill material under future burds should be assumed. Data
can, however, be collected from deeper layers dfes@ used to model these

layers in the vapor intrusion model. Care sho@daken to ensure that modeled
groundwater and in particular shallow, soil gascemtrations are reflective of

actual field conditions, even if the required, ingtratigraphy in the model does
not fully match field conditions.

The use of lab-based, soil vapor permeability tésteeplace the default vapor
flux rate (Qsoil) of 5 liters/minute (per 108mf ground floor area) in the USEPA
models is discouraged. These tests often do najuatiely take into account
enhanced permeability due to soil heterogeneitsesl fractures, relict root

structures, shallow fill material, disturbance dagriredevelopment, and other
types of secondary permeability.

4.5.2.5 Use of Soil Gas Data to Determine Need for an Indoor Air Study

The collection and evaluation of indoor air samgéga is discussed in Section
4.5.3. Both subslab sample data and shallow ssildata (i.e., x5m bgs) should
be compared to the soil gas action levels presemiethble C. Where action
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levels are approached or exceeded, the need tg catran indoor air study
should be more closely evaluated.

The California EPA vapor intrusion guidance recomdse that an indoor air

study be considered if site-specific, soil-gasftdeior vapor intrusion models
suggest that impacts to indoor air may exceed autative excess cancer risk of
10° or a noncancer hazard index >1.0 (CalEPA 2011)iléNhis approach may

seem reasonable in concept, it is often impractioal to likely impacts to indoor

air from other sources that will mask potential aofs from subsurface, vapor
intrusion (e.g., cleaners, glues, auto exhaust).etbmpacts due to subsurface
versus vapor intrusion versus indoor or outdooraesiare not distinguishable.

For example, the concentration of TPH, benzeneathdr auto exhaust-related
contaminants in outdoor air near roadways can ekdsk-based action levels by
up to two orders of magnitude (see Table 4-7aat®e CalARB 2001, Kurtz and
Folkes 2002, MADEP 2002c, NYDOH 2003, USEPA 201TIiace levels of
chlorinated solvents are also commonly reported fodoor air (e.qg,
tetrachloroethylene or “PCE,” used for dry cleajing such cases, sampling of
indoor air would not be useful unless concentratioh targeted chemical in
subslab soil gas exceed 1,000 (residential) to®(60mmercial/industrial) times
typical indoor ambient concentrations of the cheinisee Table 4-7b; default
soil gas:indoor air attenuation factors assumedapor intrusion models; see
Appendix 1 Chapter 2; see also MADEP 2002a).

Decisions for cleanup of VOC-contaminated soil ayroundwater for vapor
intrusion concerns should instead be based on aluaion of soil gas data in
conjunction with ideal target indoor air goals, ew these goals cannot be
currently met due to other sources of contaminatsuch as vehicle exhaust in
ambient air. If soil gas action levels are exceetlezh cleanup of the source areas
to reduce vapor intrusion concerns should be censii

An alternative approach for determining when indaorstudies are needed at
commercial/industrial  (C/l) settings if soil gas tieo levels for
commercial/industrial sites are exceeded is desdriizlow:

Step 1. Confirm and Evaluate Soil Gas Data.

» Confirm soil gas data with a second round of samgpiln targeted areas of
potential concern (e.g., co-located with hot spdéstified in first round
of soil gas data collection and previously ideatifhot spots in soil and/or
groundwater). If significant differences in repattconcentrations of
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VOCs are reported at individual sample points aAdlEEwere exceeded
in one or both sampling events, consider the ilatah of permanent
vapor monitoring wells in a denser grid (e.g., 1@m20m grid) and
additional sampling until the range of potentiatesiconditions is
adequately defined. Statistical approaches magdtpeired at sites where
wide temporal variations in concentrations of VO@ssoil gas are
identified.

» If soil gas EALs for noncarcinogens are not excded@sed on a target,
noncancer risk of 0.2, or 1.0 for TPH) and EALs ¢arcinogens are not
exceeded by more than one order of magnitude (alguiivto a target risk
of 10°), then no further action is warranted (refer tobl@aC-2 in
Appendix 1).

* If soil gas EALs are exceeded by more than amouctied above,
calculate a site-specific, cumulative noncancer ar&zIndex and
cumulative excess cancer risk (see HEEE&thnical Guidance Manual
see also guidance referenced in USEPA 2011).

Step 2. Evaluate site-specific vapor intrusiongisk

« Site-specific, cumulative excess cancer risk <?0and/or cumulative
noncancer hazard index <1.0 (and potential impact® indoor air less
than typical, ambient, outdoor air). Testing of indoor air not required.
Install permanent vapor monitoring probes in areBgrimary concern
and test quarterly for a period of one year to iconfsoil gas data. |If
concentrations of VOCs do not increase signifigargtle., to exceed
cumulative 10 excess cancer risk or HI>1.0), no further actien i
warranted under current site conditions. Additloeealuation may be
warranted if building conditions change or if newilthngs are
constructed over impacted areas.

« Site-specific, cumulative excess cancer risk >%0and/or cumulative
noncancer hazard index >1.0. Install permanent vapor monitoring
probes and resample soil gas. If resampling of gas indicates a
potential indoor air risk <I®and/or cumulative noncancer hazard index
<1.0, carry out quarterly monitoring for one yearconfirm (see above).
Carry out indoor air testing if soil gas data swgige potential excess
cancer risk of >1® and/or a cumulative noncancer hazard index >1.0 is
confirmed and the concentrations of targeted VQCsail gas are high
enough that intruding vapors could cause impactsdoor air in excess of
typical ambient levels (see Table 4-7b; refer &dsSection 2.6).
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The above approach is intended to be general geedanly and should not be
used as a strict requirement. The appropriatenésbe approach should be
evaluated on a case-by-case basis and discussetiidH.

4.5.2.6 Soil Gas and Tight Soils

At sites where soil gas samples cannot be collecsedy traditional methods due
to tight soil conditions (e.g., wet, clayey soil®ther approaches should be
attempted. In many cases, simply moving the codlacprobe over a few feet

from the initial location will address the problentf problems still persist, the

installation of temporary soil vapor probes encasegermeable sand packs and
capped with a bentonite clay mixture can be comsai¢refer to CalEPA 2002).

The diameter and depth of the vapor probe boretiadelld be adjusted to allow

sufficient pore space for the collection of soilsgsamples. Adequate time
(generally several weeks) should be allowed for ¥@Cthe surrounding clays to

equilibrate with soil gas in the vapor probe saadkp

Passive soil gas sampling techniques may also pumedul in tight soils,
provided that the actual concentrations of VOCsgme can be quantified (e.g.,
recent advances in “GorféSorbers). This approach has not been widely used a
this time and is still being evaluated. Where passboth “active” and passive
soil gas data should be collected in amenable areasite and used to verify the
interpretation of passive soil gas data from amelasre active data could not be
collected.

At sites where groundwater is impacted with VOCd #re collection of soil gas
data is simply not possible, groundwater data shbalcompared to conservative
action levels and the need to go directly to crspdce and/or indoor air sampling
evaluated. At “soil only” sites, soil data shout& similarly collected and
compared to conservative action levels (see below).

4.5.2.7 Use of Soil Data

Soil action levels for potential vapor intrusionncerns are incorporated in the
EAL lookup tables (see Appendix 1, Table A-D sedes Table C-1b). At sites
where minor releases of volatile chemicals haveuwoed (e.g., small spills
around underground storage tank fill ports), dimanhparison of soil action levels
to site data is generally acceptable. If soilaclevels are exceeded, the need to
collect soil gas samples and further evaluate vamousion concerns should be
evaluated. At sites where significant releases of volatile chdcals have
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occurred, the direct use of soil gas data in conjuwtion with soil data is
strongly recommended.

An advantage of the soil vapor intrusion modehis inclusion of “mass-balance”
considerations in the evaluation of potential ldegn impacts to indoor air. As
discussed in the following section, this issueas included in the soil gas vapor
intrusion models or corresponding action level§lags balance issues are also
not considered in the groundwater models. The imo@tl migration of
contaminated groundwater from upgradient areass@&iraed to provide an
ongoing source of VOCs to areas of concern, howewst mass-balance issues
are less relevant.)

4.5.2.8 Soil Gas and Mass-Balance Issues

At sites with high levels of VOCs in soil gas buliraited total mass of VOCs in

soil, a mass balanced approach to the evaluatimamdr intrusion concerns may
be appropriate. For example, it is not uncommofinob relatively high levels of

PCE in soil gas immediately beneath the floorsrgfakeaners but relatively little

PCE in soil samples collected in the same area.stMbthe PCE is in vapor
phase, with very little total mass present. Tlsismost likely related to the
presence of dry soil with very little organic canbdirectly under the floor of the
building.

Based on soil gas data alone, the vapor intrusicodets may predict
unacceptable, long-term impacts to indoor air. &beial mass of VOCs present
may be insufficient to maintain initial impacts owee full span of the exposure
duration assumed in development of the action $&\ewever. In such cases, the
action levels presented in could be overly consesmaor evaluation of long-
term, chronic health risk concerns and a more spesific evaluation of vapor
intrusion concerns may be warranted.

4.5.3 Collection of Indoor Air Data

As discussed in the previous section, the collectibindoor data will in some
cases be necessary to further evaluate vapor imtruncerns (see Section
4.5.2.5; see also Table 4-7b). Proposals and vam&pfor indoor air studies
should be discussed with the HEER office. Theeobibn of indoor air data
without soil gas data and, if applicable, crawl paata is not recommended.
Such data are critical in determining the sourcargf VOCs identified in indoor
air. Guidance on the collection and evaluationnafoor air data is discussed in
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Section 4.5.1 and Section 7 of the HEER offibechnical Guidance Manual
(HDOH 2009) and will not be repeated in detail here

The California EPA guidance document provides &tabrecommended actions
at sites where impacts to indoor air are identiff@hlIEPA 2011). A slightly
modified version of that table is provided below:

*Indoor Air

Sampling Results Response Activities

Confirm that vapo

Risk: <10° . intrusion impacts are not

HI: <0.5 No Further Action likely to inc?ease in the
future.

Collect soil gas, indoor a
and/or crawl space samples
semi-annually as
appropriate. Mitigation
may be recommended in

some cases to reduce
exposure even though
health risk goals may not be
exceeded.
Institute engineerin
controls to mitigate
exposure and collect soil
gas samples and indoor ajr
samples semiannually to
verify mitigation of
exposure.

Risk: 10* to 10° Monitoring
HI: 0.5t0 1.0 +/- Mitigation

Risk: >10 Mitigation
HI: >1.0 Required

*Contaminants identified in indoor air that areedily linked to the intrusion of subsurface vapors.
Risk = Cumulative excess cancer risk
HI = Hazard Index — Cumulative risk posed by sumaricancer hazard quotients of specific
chemicals of concern.

Earlier editions of the CalEPA guidance calls foornitoring +/- mitigation of
indoor air impacts if the cumulative Hazard IndéX)(is between 1.0 and 3.0,
with mitigation required if the HI exceeds 3.0. ude inhalation action levels for
some contaminants can be approached at HI of 8\Wever (e.g., benzene). For
the purpose of this guidance, an HI of 1.0 wasetioee selected as a default
target for mitigation of indoor air impacts. Tlesn be reviewed on a site-specific
basis as needed.
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If structures in the subject area are underlairciayvl spaces then the concurrent
collection air samples from these areas should ladsconsidered. Crawl space
data should be compared directly to indoor air d&tm discussed above, the
dilution of VOCs in crawl spaces as air is pulletbia building is difficult to
predict.

The above are initial recommendations only. Ultenattions required at a given
site should be determined on a case-by-case lasmordination with HDOH. As
noted in the California EPA guidance document, exdair data should be used to
better ascertain human health concerns when pallgnsignificant impacts are
implied by soil gas and other subsurface data. Ch&fornia EPA document
recommends that at least two rounds of indoor ata e collected prior to
determining appropriate response activities. Thepscof specific responses
should be determined on a case-by-case basis minaton with HDOH. Active
mitigation of indoor air impacts may be recommen@@deven required) at sites
where a reduction of individual exposure is desie@n though health risk
objectives noted above are not exceeded. A comaygelan based on the data to
be collected should be included as part of thean@ar sampling plan.

If vapor intrusion concerns are primarily for fugusuildings, then remediation of
VOC impacts prior to construction should be consde If this is not feasible
(e.g., due to impacts from a continuing offsite reey then institutional and
engineering controls to mitigate vapor intrusiom@&rns should be incorporated
into future building designs. The scope and ovéitsgf these controls should be
determined on a site-specific basis in coordinatwith HDOH. Long-term
oversight requirements are typically much more ngent for residential
properties. In some cases, formal incorporationenfineered controls into
building permits may be warranted with long-ternesight of the controls being
undertaken by the planning agency.

4.5.4 Special Considerations for Petroleum-Contaminated Sites

A discussion of contaminants of potential conceyndetroleum is provided in
Section 2.6 (see also Figure 2.4). Based on datgpited by the HEER office,
Total Petroleum Hydrocarbons (TPH) and not benzeregher individual volatile
chemicals generally drives vapor intrusion risksrigleases of middle distillates
and in some cases even gasolines (see Appendmed 6). As noted in Figure
2.4, soil gas (and indoor air) samples should Istetefor TPH (sometimes
reported asTotal Volatile Hydrocarbonsor similar terms) and the noted,
individual chemicals. The laboratory standard ueedhe TPH analyses should
match the petroleum product released at the Siggor intrusion action levels for
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TPH in soil and groundwater cannot easily be cateal using the models
referenced in Appendix 1 and are not included & HAL lookup tables. The

direct collection of soil gas samples at sites wlggnificant soil contamination

(e.g., >10m3 of soil) or free product ton groundsvadre identified. Carbon range
PH data may be desirable for site-specific envirental hazard evaluations.

Testing of indoor air for petroleum-related contaamts associated with the
intrusion of vapors from subsurface sources islyarseful. Common household
cleaners, glues and other products can contairolpetn and serve as indoor
sources of contamination (look for “Flammable” abéls; see Table 4-7a). Auto
exhaust is also a major contribution to petrole@mated contaminants in outdoor
air. Unless the building is located directly oveavily contaminated soil or free
product on shallow groundwater, petroleum vapolated to other indoor and

outdoor sources will overwhelm additional contartiora related to vapors

emitted from underlying soil and groundwater.

For example, ambient concentrations of benzeneban outdoor air related to
auto-exhaust typically ranges from 1 to >5 ut(see Table 4-7a), well above the
risk-based, action level for residential exposur€.80 ug/ni (refer to Table C).
Although less published data are available, ambgamcentrations of TPH in
indoor and outdoor air typically ranges between 266 1,000 ug/tor even
higher (based on data collected at sites in Haaiwell above the residential
indoor air action level of 230 ugfn As a general rule, and as discussed in
Section 4.5.2.5, indoor air should only be testeaoncentrations of target
contaminants in soil gas exceed at least 1,000steméicipated levels in ambient
air (default soil gas:indoor air dilution factor rforesidences; 2,000 for
commercial/industrial buildings). This correlatesconcentrations of TPH in soil
gas of 1,000,000 ugAvand 1,000 ug/ffor benzene before it impacts to indoor
air above ambient conditions might be discernible.

This does not mean that the additional contaminatib indoor air related to
vapor intrusion is not a concern. If reported Isvef TPH, BTEX or other
contaminants in soil gas exceed action levels (praved alternatives) then
lower floor of the building should be inspected amdcks and gaps (e.g., around
utilities) should be sealed. The building heatiam,conditioning and ventilation
(HVAC) system should also be inspected to ensuak iths operating properly
(e.g., maintaining a positive indoor air presswuaeyl that adequate fresh air is
being brought into the building.

It is also important to screen for methane in @k samples. Additional
evaluation of methane explosion hazards is requiredethane levels in soil
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exceed 5,000 ppmv (10% of the lower explosive lenafer to Section 4.5.4 and
the HEER officeTechnical Guidance Manual TPHgasoline vapors could also
pose explosion hazards at some sites. An evatuafipotential vapor intrusion

and explosion hazards will in particular be neededites where full cleanup of
heavily contaminated soil and groundwater is nacpcable and long-term

monitoring or residual contamination is required.

4.6 Other Advanced EHE Approaches
4.6.1 Commercial/Industrial Land Use

Alternative vapor intrusion, gross contaminationl a@iect exposure action levels
commercial/industrial are included in Appendix Jable C series, Table F series
and Table I-2, respectively). These action leeeésbased on an assumption that
only working-age adults will be present at the sitea regular basis and only
during working hours. The action levels are in tinigher than those used to
develop the Tier 1 EALs, based on an assumed, tuicted, residential land use
scenario. Soil action levels for leaching hazarésmat affected.

An option to select commercial/industrial land usaly over unrestricted
(“residential”) land use is built into the updatedL Surfer. Users are cautioned,
however, to always compare site data to actionldefee unrestricted land use, at
least at an initial, screening level. Screeninig data with only the action levels
for commercial/industrial land use can place anegessary burden on future use
of the property. If contaminants are not identifiabove action levels for
unrestricted land use then no restrictions needbeoplaced on the property.
Commercial/industrial action levels (or alternatiste-specific action levels)
should only be referred to if the site cannot bexaeiated to Tier 1 EALs or
acceptable, alternative action levels for unresdduture use. Implications for
land-use restriction are discussed in more det&laction 2.9.

4.6.2 Exposed Versus Isolated Soils

As discussed in Chapter 2, the Tier 1 EALs are dase an assumption that
contaminated soil is currently exposed at the gitasurface or could be disturbed
and exposed at the surface in the future. ThisnagBon eliminates the need to
consider long-term management of soil at a site.

Alternative and in most cases less stringent ad¢vegls can be used to evaluate the
need for remediation of isolated soils if full akeg to the Tier 1 EALS is not
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feasible. For sites where unrestricted futureisigkesired, a depth of three meters
(approximately 10 feet) is recommended to delindsveen “shallow” soils,
where a potential exists for disturbance of soifldyre residents (e.g., excavation
of swimming pools), and "isolated" soils where opBriodic disturbance during
construction and utility maintenance work is ap@ted (CalEPA 1996). A
minimum, default depth of one-meter is recommenidedcommercial/industrial
properties to distinguish between shallow and isdlaoils. Subsurface activities
below this depth are likely to be closely supemvibg the property owner, who will
presumably be aware of contaminated soil at deptine property and manage the
soil appropriately. Landscaping and other lesesuged activities could disturb
and expose soils shallower than this depth.

Soil that is located under paved areas or buildteys also be considered to be
isolated if appropriate, long-term management astiare implemented. This is
most applicable to commercial/industrial sites wehactivities on the property are
closely controlled. This isolation of contaminatadl under properties to be used
for more sensitive purposes is generally not recented but can be discussed
with HDOH on a case-by-case basis. For example, isblation of easily
recognizable, petroleum-contaminated soil underptin&ing lot of a high-density
residential development would be more acceptalale the isolation of soil heavily
contaminated with dioxins or other persistent cloami that are difficult to
recognize in the field. Controls for long-term ragament of contaminated soil
that is left in place at a site must be documena isite-specific Environmental
Hazard Management Plan. This is discussed irollening chapter.

Alternative soil action levels for gross contamioatand direct exposure hazards
are included in the lookup tables of Appendix 1h[€a F-3 and I-3, respectively).
The direct exposure action levels for deep sodsbased on a construction worker
exposure scenario (refer to Appendices 1 and Re gross hazards action levels
are based on an approach developed by MassachDE&}térefer to Appendix 1).

Vapor intrusion and soil leaching hazards mustuaduated for chemicals that are
highly mobile before final remedial actions candstermined. Contaminants of

potential concern include chlorinated solventspehated herbicides, petroleum

fuels and highly soluble chemicals like perchloratéor these chemicals, Vapor
intrusion and soil leaching hazards typically tgkecedence over direct exposure
hazards and drive the nature of remedial actioedew regardless of the depth of
the soil below the ground surface. Refer to Seclid.2 and 4.3.3 for additional

guidance on the evaluation of these hazards, resglgc
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4.7

If contamination is present in both shallow andpdseeils and full cleanup is not
anticipated, then separate action levels for eacle zan be established and used
during the initial site investigation stage of thmject. The pros and cons of
remediating deep soils to action levels for unigsi future reuse should be
evaluated on a site-by-site basis. While potemtialbre costly in the short term,
treating all soil to action levels appropriate towestricted use of the property can
help eliminate concerns about future liability ashas increase the market value of
the property.

4.6.3 Petroleum-Contaminated Soil and Groundwater

HDOH has published separate guidance for the cfeaaod long-term
management of petroleum-contaminated sites (HDOH7@0 updated as
discussed below). A copy of the guidance is inetuth Appendix 8. Petroleum
contamination is widespread in many current andmér industrial areas.
Complete removal of contamination is not practieablmany of these areas. At
a minimum, removal of vadose-zone soil contaminatsalve gross contamination
action levels for isolated, subsurface soils isoremended (e.g., 5,000 mg/kg
TPH in general refer to Table F-3 in Appendix 1).

Soil gas data should be used to evaluate potesdr intrusion hazards at sites
where residual petroleum contamination exceedradgvels for unrestricted
land use (refer to Section 4.5.4). Free produaukh be removed from
groundwater to the extent practicable in order tnimmze vapor intrusion and
methane buildup hazards as well as reduce the twitéor offsite migration
concerns (e.g., via storm sewers) and reduce fumgpacts to groundwater. The
nature and extent of remaining contamination antioas for long-term
management of the site must be documentedEmnvironmental Hazard
Management Plaprepared for the site (refer to Chapter 5).

Environmental Hazard Evaluations for Parklands

It is strongly recommended that sites that are éoubed as parks or wildlife
refuges be remediated to meet unrestricted landvhes practicable. Potential
hazards posed to eco-habitats should also be ¢sdlua Recreational-use
exposure scenarios used in human health risk aseass often incorporate much
lower exposure frequencies (e.g., days per yeated)sand durations (total
number of years) than traditional, residential expe scenarios. This implies
that substantially higher concentrations of conteamis can be left in place in a
park area and not pose a threat to users of the Pask-based cleanup levels
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4.8

based on recreational land-use scenarios can evéigher (less stringent) than
levels typically allowed for commercial/industroperties.

This intuitively goes against the concept of parkds as a "refuge” for humans
and wildlife. Assumption of a limited exposure foeqcy and duration (e.g., 100
days per year for ten years) also puts an imphkstriction on the number of days
and years that an individual can visit the parkumiag an unacceptably high

contaminant dose. Long-term, future uses of sucipeaties are also difficult to

predict. In addition, public parks are typicallyedquented by children, young
mothers, elderly people, and other more-sensitilgpgpulations. This issue is
usually omitted from standard, human health rideasments.

Remediation of proposed parklands to unrestrictedl-use standards may in
some cases not technically or economically pralstécdf cleanup is not feasible,
and the property is intended for recreational uben the appropriateness of
allowing unrestricted access to the area should cheefully evaluated.
Institutional controls may be needed, such asriposition of access restrictions
on the property or posting of signs at the propertlyance that warn of potential
environmental hazards.

Ecological Risk Assessment

Preparation of a more detailed Ecological Risk Asseent may be required in
some cases to better evaluate and document impmadesrestrial and aquatic

habitats. An Ecological Risk Assessment is a dedadppraisal of the actual or
potential effects of a hazardous waste site ontpland animals other than people
or domesticated species (USEPA 1989b). Publishedagce documents for

preparation of Ecological Risk Assessments inchingefollowing:

» Ecological Risk Assessment Guidance for Superfupidicess for Designing
and Conducting Ecological Risk Assessments (USEF3Y d);

* Guidance for Ecological Risk Assessments at Hazex&daste Sites and
Permitted Facilities (CalEPA 1996b); and

* Risk Assessment Guidance for Superfund: Volumenili®nmental
Evaluation Manual (USEPA 1989b).

Detailed guidance regarding the preparation of &yoal Risk Assessments is
beyond the scope of this Manual, and the aboveliseferences is not intended
to be comprehensive. Additional Ecological Risk éssment guidance is
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presented in the HEER office Technical Guidance h&r{HDOH 2009 and
updates).
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Table 4-1. Progressive development of a residerdiadct-exposure soil action
level for dieldrin (see Section 4.1.2).

Toxicity Equivalent Soil
Factor Type value Target Risk Action Level
Range of Noncancer-Based Action Levels
LOAEL 0.05 mg/kg-day HQ=1.0 3,100 mg/kg
NOAEL 0.005 mg/kg-day HQ=1.0 310 mg/kg
HQ=1.0 3.1 mg/kg
RfD 0.0005 mg/kg-day HQ=0.5 1.5 mg/kg
HQ=0.2 0.60 mg/kg
Range of Cancer-Based Action Levels
10* 3.0 mg/kg
Slope Factor 16 (mg/kg-day) -
10 0.03 mg/kg

Final Direct Exposure Soil Action Level Selected:.5 mg/kg
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Long-Term Management of

Contaminated Sites

An expanded discussion of the long-term managemkecbntaminated sites will
be included in revisions to the Hawari'i DepartmentHealth (HDOH) Hazard
Evaluation and Emergency Response (HEERXxhnical Guidance Manual
(HDOH 2009). In the interim, refer to the HDOH dance published for the
long-term management of petroleum-contaminateds si{felIDOH 2007c).
Although focused on petroleum contamination, thedgoce can also be
expanded to other types of releases that requig-term management. A copy
of the guidance is included in Appendix 8.

As discussed in petroleum guidance Eaavironmental Hazard Management Plan
should be prepared for all sites where residualtasumation in soil and
groundwater exceeds action levels for unrestritztad use.

A basic EHMP should include the following inforn@ati (or be included in a
document that contains the same information):

= Brief summary of the site background and historgarftaminant releases;

= |dentification of specific contaminants of concantluding TPH, “Target
Indicator Compounds” and any other contaminantsaated with the
release (refer to Step 1);

= Clear depiction of the extent and magnitude of rieing contamination in
soil, groundwater and/or soil gas, presented oitygaadable, to-scale
maps with a north arrow (refer to Step 2);

= |dentification and discussion of all potential @ovimental concerns (refer
to Step 3);

= Requirements for long-term monitoring of contamisan soil,
groundwater, and/or soil gas;

= Discussion of engineering and/or institutional colst needed to
address identified environmental concerns, incloaiaps, barriers, etc.,
needed to eliminate exposure pathways;

= Guidance on the proper management and disposahtdminated
soil and/or groundwater encountered during futiieeagtivities;
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= Measures for repair or replacement of engineeretrals that are
disturbed or breached during future site activjtaex

= Any other information required to adequately miteggand
manage remaining environmental concerns at the site

The scope of EHMPs for individual sites will vargded on the nature and
extent of the remaining contamination, as welllesgotential environmental
hazards posed by the contamination. A relativebrtsand simple discussion
of proper management procedures in the final closeport may be adequate
for sites where only a small amount of petroleumtaminated soil or
groundwater has been left in place and only gras#amination hazards
remain. A more detailed EHMP that includes formetrictions on site use
and engineered controls to prevent exposure tduaktontaminants may be
required at sites where contamination is to be ieftplace that poses
significant environmental hazards if not managedpprly. A brief Fact
Sheetthat summarizes key elements of the EHMP in simp&n-technical
terms may also be required for large, complex sithere significant public
review is anticipated.

The use of engineered controls to prevent exposmreontaminated soil or
groundwater is generally discouraged for propetties are to be developed for
single-family homes or town homes where resideotddcdig in their yards. This
is because long-term management of the controle$igents cannot be assured
(e.g., maintenance of clean soil caps over cont@@ihsoil). Permanent soil caps
in commercial/industrial sites or high-density desitial sites should at least
30cm (twelve inches) thick (USEPA 2003). For gardeeas, at least 60cms (24
inches) of clean fill is recommended (USEPA 2003)f offsite disposal
alternatives do not exist, contaminated soil caalib be placed under building
pads or other paved areas, provided that the tocaif the soil is properly
surveyed and documented in the Environmental Ha2dsshagement Plan.
Utility trenches should also be backfilled with ate soil in order to reduce
exposure of future workers and avoid accidentadeenf excavated soil in areas
where workers and residents may be exposed to uadsidontaminants.
Contaminated soil that is to be isolated at deptiulsl in general be kept at least
one meter above the highest groundwater level.

These are only a few of the issues that must besidered at sites where
contaminated soil and groundwater are to be lepplate. Refer to the HEER
office Technical Guidance Manual for additionaldance.

Hawai'i DOH 5-2 Volume 1 Text (Fall 2011)
Fall 2011 (rev Jan 2012)



References

API, 1994 Transport and Fate of Non-BTEX Petroleum ChemirafSoils and
Groundwater American Petroleum Institute, Health and Envirembal
Sciences Department, Publication No. 4593.

ASTM, 2006, Standard Provisional Guide for Develeptrof Conceptual Site
Models and Remediation Strategies for Light NonagsePhase Liquids
Released to the Subsurface: ASTM Designation EZ&31-
http://www.astm.org/Standard/index.shtml

ATSDR, 2007,Toxicological Profile for Benzen@ugust 2007): US Department
of Health and Human Services, Agency for Toxic $alses and Disease
Registry, http://www.atsdr.cdc.gov/toxprofiles/tp@nl#bookmark04

CalARB, 2001, Chlorinated Chemicals in Your Homalifornia Air Resources
Board, Indoor Air Quality Guideline, May 2001.

CalEPA, 1994Preliminary Endangerment Assessment Guidance Manual
California Environmental Protection Agency, Depatinof Toxics
Substances Control, January 1994.

CalEPA, 1996 Supplemental Guidance for Human Health MultimedskR
Assessments of Hazardous Waste Sites and Periratddies: California
Environmental Protection Agency, Department of Texsubstances
Control, August, 1996, www.dtsc.ca.gov/ScienceTetdgy/index.html.

CalEPA, 2002Response Actions For Sites Where Future Uses Mayda
Sensitive Use<California Environmental Protection Agency Depagt
of Toxic Substances Control, Site Mitigation an@Bnfields Reuse
Program, Management Memo EO-02-002-MM (July 0, 2002

Hawai'i DOH 6-1 Volume 1 Text (Fall 2011)
Fall 2011 (rev Jan 2012)



CalEPA, 200350il Gas AdvisoryJanuary 2003): Department of Toxic
Substances Control and Los Angeles Regional Watetit® Control
Board,;
http://www.dtsc.ca.gov/PolicyAndProcedures/SiteGiggSMBR_ADV _
activesoilgasinvst.pdf.

CalEPA, 2005alse of California Human Health Screening Levelg&waluation
of Contaminated PropertigSanuary 2005): California Environmental
Protection Agency, Department of Toxics Substa@msrol,
http://oehha.ca.gov/risk/Sb32s0ils05.html

CalEPA, 2005bScreening for Environmental Concerns at Sites with
Contaminated Soil and Groundwat&talifornia Environmental Protection
Agency, Regional Water Quality Control Board, Saarf€isco Bay Area
Region, February 2005 (updated in 2008).

CalEPA, 2011yVapor Intrusion Mitigation AdvisoryOctober 2011): California
Environmental Protection Agency, Department of Texsubstances
Control, http://www.dtsc.ca.gov/.

CNMI, 2005,Screening For Environmental Concerns at Sites @ihtaminated
Soil and Groundwaterthe Commonwealth of the Northern Mariana
Islands, Division of Environmental Quality, Octol2§05,
http://www.deqsar.org/fparticle.asp?fpID=7

DoD, 2008, DoD: Tri-Services Handbook for the Asseent of the Vapor
Intrusion Pathway (final draft, February 2008): p@gment of Defense,
(prepared by Noblis Consultants for the Air Fongstitute for Operational
Health, Health Risk Assessment Branch.

PBESL, 2008Evaluation of Environmental Hazards at Sites with@minated
Soil and Groundwater (Pacific Basin Editioprepared under direction of
Guam Environmental Guam Environmental Protectioemy,
http://www.justice.gov.gu/CompilerofLaws/gar.html

HIDOH, 1995,Risk-Based Corrective Action and Decision Makin&iaés with
Contaminated Soil and Groundwat&tate of Hawal'i, Department of
Health, December, 1995 (revised June, 1996),
www.state.hi.us/doh/eh/shwb/ust/ index.html

HIDOH, 2006aSoil Action Levels and Categories for Bioaccesstboteenic
(August 2006): Hawai'i Department of Health, Horlaju
http://hawaii.gov/health/environmental/hazard/indéxl

Hawai'i DOH 6-2 Volume 1 Text (Fall 2011)
Fall 2011 (rev Jan 2012)



HIDOH, 2006b,Proposed dioxin action levels for East Kapolei Bnbeld Site
(March 2006, amended September 2080&wai'i Department of Health,
Office of Hazard Evaluation and Emergency Response,
http://www.hawaii.gov/health/ environmental/hazaal2005.html

HIDOH, 2007aPesticides in former agricultural lands and reldtareas -
Updates on investigation and assessnilfaty 2007): Hawar'i
Department of Health, Honolulu,
www.state.hi.us/doh/eh/shwb/ust/index.html.

HIDOH, 2007b,Use of laboratory batch tests to evaluate potémgiaching of
contaminants from so{April 2007): Hawai'i Department of Health,
Honolulu, www.state.hi.us/doh/eh/shwb/ust/indexlhtm

HIDOH, 2007c,Long-Term Management of Petroleum-Contaminatebla®al
Groundwater:Hawai'i Department of Health, Honolulu,
http://hawaii.gov/health/environmental/hazard/indmxl

HDOH, 2009,Technical Guidance Manugnd updates): Hawai'i Department of
Health, Honolulu,
http://hawaii.gov/health/environmental/hazard/indmxl

HDOH, 2010a, Update to Soil Action Levels for inanic Arsenic and
Recommended Soil Management Practices (October) 28a0vai’i
Department of Health, Office of Hazard Evaluatiow & mergency
Response, http://www.hawaiidoh.org/

HDOH, 2010, Update to Soil Action Levels for TEQoRINs and Recommended
Soil Management Practices (June 2010): Hawal'i Btepent of Health,
Office of Hazard Evaluation and Emergency Response,
http://www.hawaiidoh.org/

HDOH, 2011a, Update to Soil Action Levels for inanic Arsenic and
Recommended Soil Management Practices (October, 2ptated
November 25, 2011): Hawai'i Department of Healtlffic@ of Hazard
Evaluation and Emergency Response, http://www.hdaofaiorg/

HDOH, 2011b, Hawaiian Islands Soil Metal Backgrolihluation Report:
Hawar'i Department of Health, Office of Hazard Evation and
Emergency Response, September 2011 (draft), pepsrAECOM.

Johnson, P.C., Kemblowski, M. W., and Johnson,,R.898,Assessing the
Significance of Subsurface Contaminant Vapor Migrato Enclosed
SpacesAmerican Petroleum Institute, Health and Enviremtal Sciences
Department, December, 1998, API Publication No.4467

Hawai'i DOH 6-3 Volume 1 Text (Fall 2011)
Fall 2011 (rev Jan 2012)



Johnson, P. C., 2002, Identification of Criticatd&aeters for the Johnson and
Ettinger (1991) Vapor Intrusion Model. API Bulletip. 17. American
Petroleum Institute. Washington, DC. May 2002, wapy,org/bulletins.

Kurtz, K.P. and D.J. Folkes, 2002, Background Catregions of Selected
Chlorinated Hydrocarbons in Indoor Air: Proceedihgsoor Air 2002.

MADEP, 2002aCharacterizing Risks Posed by Petroleum Contameh&ites
(October 2002): Massachusetts Department of Enwiesttal Protection,
Policy #WSC-02-41 1, http://mass.gov/dep/cleanwslaph_eph.htm.

MADEP, 2002bJndoor Air Sampling And Evaluation Guidglassachusetts
Department of Environmental Protection, Office @&sRarch and
Standards, WSC Policy #02-430;
http://www.state.ma.us/dep/bwsc/finalpol.htm;

MADEP, 2002c, Residential Typical Indoor Air Cont@tions: Massachusetts
Department of Environmental Protection, Office @sRarch and
Standards, Technical Update 2002.

MADEP, 2010,Vapor Intrusion GuidanceMassachusetts Department of
Environmental Protection, Office of Research areh8ards, 2010 Draft
update.

NEIWPCC, 2003, A Hot Dog by Any Other Name CouldBaur Drinking
Water: New England Interstate Water Pollution CoinBommission,
L.U.S.T. Line, Bullet 44, July 2003.

NIOSH, 2007, NIOSH Pocket Guide to Chemical Hazakigional Institute for
Occupational Safety and Health (NIOSH),
www.cdc.gov/niosh/npg/npg.html.

NJDEP, 2005Yapor Intrusion GuidanceNew Jersey Department of
Environmental Protection (October 2005),
http://www.nj.gov/dep/srp/guidance/vaporintrusiag/fatm

NYDOH, 2003, Tetrachloroethylene (PERC) in Indoond ®utdoor Air: New
York State Department of Health, Fact Sheet, Ma&3320

NYDOH, 2006,Guidance for Evaluating Soil Vapor Intrusion in tS&ate of New
York (October 2006): New York State Department of Hedureau of
Environmental Exposure Investigation,
http://www.health.state.ny.us/environmental/invgetions/soil_gas/svi_g
uidance/

Hawai'i DOH 6-4 Volume 1 Text (Fall 2011)
Fall 2011 (rev Jan 2012)



Ramsey, C. and A. Hewitt. 2005, A Methodology fasAssing Sample
Representativeness: Environmental Forensics 6:71-75
http://urlx.org/ingentaconnect.com/a385d

USEPA, 1989aRisk Assessment Guidance for Superfund. VolumenhaH
Health Evaluation Manual (Part AJ.S. Environmental Protection
Agency, Office of Emergency and Remedial Respoablication
EPA/540/1-89/092.

USEPA, 1989bRisk Assessment Guidance for Superfund. Volume II,
Environmental Evaluation Manual.S. Environmental Protection
Agency, Office of Emergency and Remedial Respoablication
EPA/540/1-89/001.

USEPA, 1990a, Guidance on Remedial Actions for iBume Sites with PCB
Contamination U.S. Environmental Protection Agency Office of
Emergency and Remedial Response, EPA/540/G-90Ayyst 1990.

USEPA, 1990b, Hazardous Waste Management Systemtifidation and
Listing of Hazardous Waste; Toxicity CharacterstiRevisions (Final
Rule): U.S. Environmental Protection Agency, FetlRegister,
Thursday, March 29, 1990, 40 CFR Part 261 et al.

USEPA, 1990c, Dieldrindjieldrin (CASRN 60-57-109/01/1990): U.S.
Environmental Protection Agency Integrated Rislotnfation System,
http://www.epa.gov/iris/subst/0225.htm

USEPA, 1996aSoil Screening Guidance: Technical Background DaninJ.S.
Environmental Protection Agency, Office of Emergeaad Remedial
Response, Publication 9355.4-17A, May 1996,
http://www.epa.gov/superfund/health/conmedia/sudéix. htm

USEPA, 1997aExposure Factors HandbooWl.S. Environmental Protection
Agency, Office of Research and Development, PutitineEPA/600/P-
95/002Fa, August 1997 (updated in 2011).

USEPA, 1997bEcological Risk Assessment Guidance for Superfiirdcess
for Designing and Conducting Ecological Risk Assesgs U.S.
Environmental Protection Agency, Environmental Rese Team,
Interim Final. June 5, 1997, EPA 540-R-97-006.

USEPA, 2000, TRW Recommendations for Sampling analysis of Soil at
Lead (Pb) Sites: U.S. Environmental Protection Agesolid Waste and
Emergency Response, EPA 540-F-0-010/OSWER 9285.7Ap8l 2000,
http://www.epa.gov/superfund/lead/guidance.htm.

Hawai'i DOH 6-5 Volume 1 Text (Fall 2011)
Fall 2011 (rev Jan 2012)



USEPA 2002a, Supplemental Guidance for DevelopoigSereening Levels for
Superfund Sites: U.S. Environmental Protection Ageolid Waste and
Emergency Response, OSWER 9355.4-24, December 2002
http://www.epa.gov/superfund/health/conmedia/sudéix. htm

USEPA, 2002bCalculating Upper Confidence Limits for Exposurarfo
Concentrations at Hazardous Waste SitelsS. Environmental Protection
Agency, Office of Emergency and Remedial Respobsegmber 2002,
OSWER 9285.6-10.

USEPA, 2003User’s Guide for Subsurface Vapor Intrusion intal&ungs: U.S.
Environmental Protection Agency, Office of Emergeaad Remedial
Response, March 2003, www.epa.gov/oerrpage/sukrfun

USEPA, 2004Preliminary Remediation Goals).S. Environmental Protection
Agency, Region IX, October 2004,
www.epa.gov/region09/waste/sfund/prg/index.htm.

USEPA, 2005PCB Site Revitalization Guidance under the Toxidssg&nces
Control Act U.S. Environmental Protection Agency, Office oh&gency
and Remedial Response, November 2005,
http://www.epa.gov/epaoswer/hazwaste/pcbs/pubsigoE htm

USEPA, 2008, Method for Toxic Equivalents (TEQs}é&minations for Dioxin-
Like Chemical Activity with the CALUX® Bioassay (Mieod 4435): U.S.
Environmental Protection Agency, Solid Waste anceEy@ancy Response,
http://www.epa.gov/sw-846/new-meth.htm

USEPA, 2011aScreening Levels for Chemical ContaminahisS.
Environmental Protection Agency, (June 2011), pregdy Oak Ridge
National Laboratories,
http://www.epa.gov/region09/waste/sfund/prg/

USEPA, 2011bBackground Indoor Air Concentrations of Volatileganic
Compounds in North American Residences (1990-2@0&pmpilation
of Statistics for Assessing Vapor IntrusithS. Environmental Protection
Agency, Solid Waste and Emergency Response, EPARSB0-001.

WHO, 2005,The 2005 World Health Organization Re-evaluatiofrloman and
Mammalian Toxic Equivalency Factors for Dioxins dpidxin-like
Compounds (van den Berg, M. et al.): World He&ltlganization,
(ToxSci Advance Access published July 7, 2006),
http://www.who.int/ipcs/assessment/tef_update/en/

Hawai'i DOH 6-6 Volume 1 Text (Fall 2011)
Fall 2011 (rev Jan 2012)






FIGURES

Hawai'i DOH Volume 1 Text (Fall 2011)
November 2011



Figure 1-1. Overview of the Environmental Site Assessment Process

Isite
Investigation

\4

2Environmental [f-----oooo-- » *Advanced
Hazard (Optional) Hazard
. S DEEEEREEECEE .
Evaluation Evaluation
4
Response
Action

1. The extent and magnitude of contamination above levels of potential concern is determined during the
site investigation stage of the process.

2. Potential environmental concerns at contaminated sites are identified in a preliminary Environmental
Hazard Evaluation (EHE). Specific, potential hazards are evaluated in more detail as needed (see below).
The final EHE is used determine the need for response actions.

3. An advanced evaluation of specific environmental hazards can be carried out as needed. For example,
soil gas data can be collected to better evaluate vapor intrusion hazards; soil batch tests can be carried out
to better evaluate leaching hazards; a site-specific human-health risk assessment and/or ecological risk
assessment can be prepared to better define risks to human and ecological receptors; etc. The conclusions
are used to help support the need for response actions.

4. The most appropriate response action to address the identified environmental hazards is identified and
implemented. This could include no further action, active remediation, long-term management, etc.
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Figure 1-2. Summary of common environmental hazass$ociated with
contaminated soil and groundwater.

Contaminated Soil

Environmental Hazard Description

Human Health Risk

Exposure to contaminants in soil via incidental
e Direct Exposure ingestion, dermal absorption and inhalation of vapo
or dust in outdoor air.

Emission of volatile contaminants from soil and

» Vapor Intrusion intrusion into overlying buildings.

Leaching of contamination from soil by infiltrating
Leaching surface water (rainfall, irrigation, etc.) and sedpsent
contamination of groundwater resources.

Impacts to Terrestrial Toxicity to terrestrial flora and fauna
Habitats

Includes potentially mobile free product, odors,
Gross contamination aesthetics, generation of explosive vapors, general
resource degradation, etc.

Contaminated Groundwater

Environmental Hazard Description

Human Health Risk

e Contamination of Toxicity concerns related to contamination of
drinking water groundwater that is a current or potential soufce o
supplies drinking water.

-

Emission of volatile contaminants from groundwate

* Vapor Intrusion and intrusion into overlying buildings.

. . Discharges of contaminated groundwater and toxicity
Impact to Aquatic Habitats to aquatic organisms
Includes taste and odor concerns for contaminated
o drinking water supplies, free product, potentiabens
Gross contamination and odors on surface water, general resource
degradation, etc.
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Figure 2-2. Primary references for compilatiom@r 1 Environmental Action levels.

Soil

Environmental Hazard

Primary Reference

Comments

Direct Exposure

USEPA Regional Screenin
Levels (RSLs)

;RSLS for noncancer conceri

(i.e., divided by five)

Vapor Intrusion

USEPA Vapor Intrusion
Guidance and Model

Model formatted for use itropical
to temperate climates with shallow
groundwater

Leaching

Massachusetts Departme
of Environment Soil
Leaching Model

Model modified to reflect target
groundwater action levels

Terrestrial Ecotoxicity

Published soil action levels n

recommended for use in Hawai'i;
carry our site-specific assessment
needed

Gross Contamination

Massachusetts Departme
of Environment Gross
Contamination Guidance

Generic approach for gross
contamination concerns

Groundwater

Environmental Hazard

Primary Reference

Comments

Drinking Water Toxicity

Local Agenc' Primary
Maximum Contaminant
Levels

USEPA TapwateRSL model use
for chemicals that lack Primary
MCLs

Vapor Intrusion

USEPA Vapor Intrusion
Guidance and Model

Model formatted for use in tropic
to temperate climates with shallow
groundwater

Discharges to Aquatic
Habitats

USEPA Surface Water
Standards

USEPA and other sources refer
to for chemicals that lack surface
water standards

Drinking
Water
Resource

Local AgencySecondan
Maximum Contaminant
Levels

Alternative refernces used fc
chemicals that lack Secondary
MCLs

Gross

Contamination Nor-

Drinking
Water
Resource

Massachusetts Departmen

of Environment Gross
Contamination Guidance

t .
Generic approach for gross
contamination concerns
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Terrestrial
Ecological Indoor Air Vapor EmissionsTo
Impacts Indoor Air
25 mg/kg 0.31 ug/m’ 0.67 mg/kg
Gross Human Direct
Contamination Health Exposure
500 mg/kg Impacts 1.1E+00
Soil Soil Gas
L owest ESL: 0.30 mg/kg 310 ug/m3
Leaching
3.0E-01
........................................ Y
Dischargesto Groundwater Vapor EmissionsTo
Aquatic Habitats Indoor Air
46 ug/L Lowest EAL: 5.0 ug/L 1,900 ug/L
Gross ‘/////////,\\\\\\\\\‘ Human Drinking Water
Contamination Health (toxicity)
170 ug/L I mpacts 5.0 ug/L

Figure 2-3. Detailed screening levels used to select final, Tier 1 soil and groundwater ESL s for benzene
(assumesresidential land use, exposed soils, groundwater is a source of drinking water).
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Figure 2-4. Target analytes for releases of pairolproducts

Petroleum Recommended
Product Media Target Analytes
TPH, benzene, toluene, ethylbenzene, xylenes
Soi (BTEX), naphthalene, MTBE and appropriate
: additives and breakdown products (e.g., DBA,
Gasolines TBA, lead, ethanol,etc.)
Soil Gas Same as soil plus methane
Groundwater| Same as soil
Middle Distillates Soil TPH, BTEX, naphthalene, methylnaphthalenes
(diesel, kerosene, (total 1- and 2-)
stoddard solvent, SoilGas | Same as soil plus methane
heating fuels, jet .
fuel, etc.) Groundwater| Same as soil
(ﬁft?:adgﬁsl Fuels _ TPH, *VO_C§, naphth_algne, methylnaphthalene
hydraulic’oils Soll plus remaining 15 priority pollutant PAI—_|s, _plus_
. L PCBs and heavy metals unless otherwise justi
mineral oils,
transformer oils, Soil Gas TPH, VOCs, naphthalene, methylnaphthalenes
Fuel Oil #6/Bunker methane
C, waste oil, etc.) | Groundwater| same as soil

*VOC: Volatile Organic Compounds, including BTEXdnhlorinated solvent compounds
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Figure 2-5. Summary of models and approachestaseéevelop action levels
incorporated into the Tier 1 EALSs (refer also top&pdix 1).

Groundwater Action Levels

Hawai'i DOH promulgated drinking water standards or
Contamination of drinking USEPA Regional Screening Levels model for tapwater.
water supplies Refer to Appendix 1 (Section 5.2 & Table D-3 séries
and Appendix 2.

USEPA vapor intrusion spreadsheets. Refer to

Vapor Intrusion Appendix 1 (Section 5.4 & Table C-1a) and Appendli

Hawai'i DOH promulgated surface water standards or
Impact to Aquatic Habitats USEPA and other references if not available. Rigfer
Appendix 1 (Section 5.3 and Table D-4 series).

Massachusetts DEP approach, modified as indicated.

Gross contamination Refer to Appendix 1 (Section 5.5 & Table G series).

Soil Action Levels

Environmental Hazard Reference

USEPA Regional Screening Levels models for direct
Direct Exposure exposure concerns. Refer to Appendix 1 (Sectigrg4.
Table | series) and Appendix 2.

USEPA vapor intrusion spreadsheets. Refer to Apipe
1 (Section 4.3 & Table C-1b) and Appendix 4.

=)

Vapor Intrusion

Massachusetts DEP soil leaching model. Refer to

Leaching Appendix 1 (Section 4.4 & Table E) and Appendix 5.

Massachusetts DEP approach, modified as indicated

Gross contamination Refer to Appendix 1 (Section 4.5 & Table F series).

Soil Gas and Indoor Air Action Levels

USEPA vapor intrusion spreadsheets. Refer to
Vapor Intrusion Appendix 1 (Sections 3-2 and 3.3 & Tables C-2 and
3) and Appendix 4.

()
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Site Investigation

—» Identifty Key COPCs_||

v

Identify Potential
Environmental Hazards
v v
Environmental

Hazard
Evaluation

Evaluate Targeted
Environmental Hazards

v

Complete Site

Investigation

Prepare Environmental
Hazard Maps

Recommend Followup
Actions

A 4

Response Action

Figure 3-1. Overview of the Environmental Hazard Evaluation process (preparation of
Environmental Hazard maps generally optional).
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Tier 1 Environmental Action Levels Surfer

Hawai'i DOH
(Fall 2011)
Steps 1 and 2:
Click in cell and use pull-down boxes to make selgon.
STEP 1: SelectSite Scenario: Final Tier 1 EALs
’Land Usg}  Unrestricted Soil (mg/kg):3.0E-01 | X
3Groundwater Utility| Drinking Water Groundwater (ug/L): 5.0E+00 || X
Resource
4 .
Distance To Neargst  _ Soil Gas (ug/r): 3.1E+02 X
Surface Water Body:
.5 :
STEP 2:"Select Contaminant EALs exceeded. Refer to Detailed EALs (next
BENZENE tab) to indentify specific environmental hazards
that may be posed by contamination.
STEP 3 (optional): Enter site data. Notes
(Potential environmental hazards highlighted
in Red on Detailed EAL worksheet.)
. Volatile chemical. Collect soil gas data for site-
Soil (mg/kg)|| >1 " specific evaluation of vapor intrusion hazards if Ter
Groundwater (ug/L{: 150 | 1 action levels for this hazard exceeded (see
Advanced EHE Options tab of Surfer).
Soil Gas (ug/ry:| 400 |

Notes:

1. Site scenario options based on scenarios ustl/atop EAL lookup tables (HDOH 2011).

2. "Unrestricted" land use category suitable feidential housing, schools, day care, medicalifess|
parks and similar sensitive uses. Use to evalbateeed for future land use restrictions. Scre@mga
commercial/industrial land use scenario if sittoibe used only for these purposes and contaminatio
will not be cleaned up to meet action levels (@meatable alternatives) for unrestricted land Usgture
land-use restrictions may apply (refer to Chaptef Bolume 1).

3. See Section 2 of Volume 1 for determinatiogroiundwater utility.

4. Used to evaluate potential impacts to aquatiitéis. Chronic aquatic toxicity goals used t@eor
groundwater situated 150m from an aquatic habitat. Acute aquatic tdxigoals used to screen

groundwater situated >150m from an aquatic habPatential for groundwater contaminated above
chronic goals to migrate into the 150m buffer zonest also be evaluated.

5. Refer to Volume 1, Section 2.11 for guidanceloemicals not listed in Tier 1 EALs or EAL Surfer.

Figure 3-2a. Printout of EAL Surfer input page, using benzene at noted concentrations in soil, groundwater and soil
gas as an example.

ai't DOH

2011




Tier 1 Environmental Action Levels Surfer
(Screening Levels For Specific Environmental Hazarsl)

Hawai'i DOH (Fall 2011)

Input Site Concentrations

BENZENE
o Terrestrial

hEALS Elxcef%dEdf(_:j( )- —_ Ecological Vapor Intrusion
Further evaluation of identifie Impacts into Buildings

hazards recommended. site-specific 6.7E-01

Gross Human X Direct
Contamination Health Exposure
5.0E+0: Impacts 1.1E+0C

Soil (mg/kg)

Soil Tier 1 EAL: 3.0E-01

e

Groundwater Utility:

Distance to Surface Water

Drinking Water Resource

< 150m

Site Scenarios: Site scenario options based on scenarios usediétopeEAL lookup tables.

Soil Eco-Risk: Site specific, ecological risk assessment recorde@mt sites where anthropogenic contamination
identified and sensitive, terrestrial ecologicabitets could be threatened (see Volume 1 Secti®h 4.

See also attached Tier 1 EAL Summary Report, Cla@rBigmmary, Glossary and Advanced EHE

Soil Background: Upperbound background value for selected metal (H22011b). Can be higher in
some locations (e.g., Haiku soils on Maui and Kauaee Table K for full range of potential backgnd

Soil (mg/kg): 5.1 X Leaching
Groundwater (ug/L 15C 3.0E-01
mEE §.0J|.9.a§.(ug/m3 4OC
X Impacts to V Intrusi
Groundwater (ug/L) 20 e leli)
Aquatic Habitats into Buildings
4.6E+01 Lowest GW EAL: 5 0F+0( 1.9E+0¢
Gross Human Drinking Water
Contamination Health (toxicity)
1.7E+02 Impacts || y 5.0E+00
Selected Site Scenario
Land Use: Unrestricted

Figure 3-2b. Printout of EAL Surfer detailed eovimental hazard identification page, using bena¢meted
concentrations in soil and groundwater as an exampl




Tier 1 EAL SURFER SUMMARY REPORT
Hawai'i DOH (Fall 2011)

Site Name:
Site Address:

Site ID Number:
Date of EAL Search

Selected Site Scenario

Land Use: Unrestricted

Groundwater Utility: Drinking Wate

Resource
Distance To Nearegt
<
Surface Water Body: 150m
(l Selected Chemical of Concern: BENZENE |
Input Site Concentrations
Soil (mg/kg): 51
Groundwater (ug/L): 150
Soil Gas (ug/r): 400
Tier 1 Potential | *Referenced
Soil Environmental Hazards Units | Action Level Hazard? Table
Direct Exposure:| mg/kg 1.1E+00 Yes Table -1
Vapor Emissions To Indoor Air:| mg/kg 6.7E-01 Yes Table C-1b
Terrestrial Ecotoxicity: | mg/kg | site-specific No Table L
Gross Contamination:| mg/kg 5.0E+02 No Table F-2
Leaching (threat to groundwater):| mg/kg 3.0E-01 Yes Table E-1
Background:| mg/kg -

Final Soil Tier 1 EAL: mg/kg 3.0E-01
Basis: Leaching

Tier 1 *Potential | *Referenced
Groundwater Environmental Hazards| Units | Action Level Hazard? Table
Drinking Water (Toxicity): | ug/L 5.0E+00 Yes Table D-1a
Vapor Emissions To Indoor Air:| ug/L 1.9E+03 No Table C-1a
Aquatic Ecotoxicity: | ug/L 4.6E+01 Yes Table D-4a
Gross Contamination:| ug/L 1.7E+02 No Table G-1

Final Groundwater Tier 1 EAL: ug/L 5.0E+00
Basis: Drinking Water Toxicity

*Potential | *Referenced

Other Tier 1 EALs: Units EAL Hazard? Table
Shallow Soil Gas| ug/nt 3.1E+02 Yes Table C-2
Indoor Air: | ug/n? 3.1E-01 - Table C-3
Notes:

1. Include Surfer Summary Report in appendiceSneironmental Hazard Evaluation (EHE) for contaminants
that exceed Tier 1 EALSs (refer to Chapter 3 of ntei).

2. Environmental hazard could exist of concentratibcontaminant exceeds action level.

3. Referenced tables presented in Appendix 1 of BHiffance document (HDOH 2011).

Figure 3-2c. Printout of EAL Surfer summary repoting benzene at noted concentrations in soil and
groundwater as an example. This page can be gramté included in the appendices of the
Environmental Hazard Evaluation report. (Referertedade from Appendix 1.)

Hawai'i DOH
Summer 2008



Rings of small decision
units used to define outer
extent of contamination

Gross contamination hazards
inigation (heavy oil)

Direct exposure hazards
(dioxins and arsenic)

Additional leaching hazards
(chlorinated herbicides)

v
il
[

Figure 3-3. Soil Environmental Hazard Map for
hypothetical site contaminated with pesticides
(including dioxin and arsenic) and heavy oil. Aea
delineated by comparison of site data to soil surege
levels for the noted hazard. Minimum soil cap
required for soil that poses direct exposure harard
absence of complete removal. Impermeable cap
required for soil that poses leaching hazard. Remo

n'—'m . grossly contaminated soil (see Section 3.1.5).
e




Vapor intrusion hazards
(TPHgasoline and benzene)

Acute aquatic toxicity and
gross contamination hazards
(TPHgasoline, benzene,
ethylbenzene and xylenes)

Chronic aquatic toxicity hazards
(same contaminants)

Figure 3-4. Groundwater Environmental Hazard
Map for hypothetical site contaminated with
petroleum. Areas delineated by comparison of si
data to soil screening levels for the noted hazard.
Aggressive remediation should focus on removal
vapor intrusion hazard so property can be
redeveloped. Aggressive remediation of
groundwater that poses acute aquatic toxicity
hazards and gross contamination (odors, sheens
within 50 meters of the shoreline also recommeng
Long-term monitoring of remaining groundwater
contamination required (see Section 3.1.5).

e

of

ed.




L2Common Environmental Hazards
Posed by Contaminated Soil

Terrestrial
Vapor Emissions Ecological Gross Leaching to
Key Questions Direct Exposure to Indoor Air I mpacts Contamination Groundwater

Before this response actiolunder
unrestricted use of the property,
could the release have posed this
environmental hazard?

Before this response actidiinder
current conditions, did the release
pose this environmental hazard?

PRE-RESPONSE

If the answer to the first question
YES and the second question is N(
then describe thexisting conditions
prior to thisresponse action that
provide controls for this hazard.

e

Describe the cleanup methods used
in this response action that addresded
this hazard:

RESPONSE
ACTIONS

After this response actiofynder
unrestricted use, could the release
pose this environmental hazard?

If the answer to the above is YE
then describe thengineering
controls and institutional controls
used to provide controls for this
hazard:

POST-RESPONSE

Figure 3.5a. Example format for summary of envinental hazards posed by contaminated soil undeemuand unrestricted site conditions before and
after response actions.



L2Common Environmental Hazards
Posed by Contaminated Groundwater

Drinking Water Vapor Emissions Dischargeto Gross
Key Questions Toxicity to Indoor Air Sur face Water Contamination

Before this response actiolunder
unrestricted use of the property,
could the release have posed this
environmental hazard?

Before this response actidiunder
current conditions, did the release
pose this environmental hazard?

PRE-RESPONSE

If the answer to thfirst question is
YES and the second question is N(
then describe thexisting conditions
prior to thisresponse action that
provide controls for this hazard.

e

Describe the cleanup methods used
in this response action that addresded
this hazard:

RESPONSE
ACTIONS

After this response actiofynder
unrestricted use, could the release
pose this environmental hazard?

If the answer to the above is YE
then describe thengineering
controls and institutional controls
used to provide controls for this
hazard:

POST-RESPONSE

Figure 3.5b. Example format for summary of envinemtal hazards posed by contaminated groundwatir warrent and unrestricted
site conditions before and after response actions.



Figure 3-5 notes

1.

2.

3.

Refer to Section 1.2 and Figure 1-2 for summargoshmon environmental hazards posed by contamirsatiéend

groundwater

Compare representative site data for targeted nongants to HDOH action levels (or equivalent) floe hoted environmental
hazard.

Unrestricted site conditions: Assumes an atesehcurrent and/or future controls to preventutizance of contaminated soil or
groundwater or the migration of contaminants imaoior air or nearby bodies of surface water (eaps, vapor mitigation systems,
land use restrictions, etc.).

Takes into account the presence of existing,dapk of buildings threatened by vapor emissioastrictions on land use, absence
of water supply wells, monitoring data that indeegtoundwater plumes are not migrating or expandidjthreatening offsite
wells or surface water bodies, etc.



3500 51
4.5 +
3000 ]
4+
2500 35
3.0
3 mg/kg
2000 \
—> | 25
1500 5
15 Range of potentially
- mg/kg acceptable soil action
1000 1.5 levels based on target risk
(0.03 mg/kg to 3.0 mg/kg)
|
0.60
500 310 mg/kg
mg/kg 0.5
31 0.03
0 - mg/kg 0 mag/kg j
A LOAEL NOAEL RfD B. HQ=1.0 ECR=10" Ho=05 HQ=0.2 pcr-10*®

Figure4-1. Progressive selection of a Tier 1 soil action level for dieldrin (see Section 4.2 for discussion). Y axis represents dieldrin
concentrations in soil equivalent to noted toxicity factor and target risk and default exposure assumptions. A: Downward adjustment of initial
LOAEL determined from toxicological studies to incorporate safety and uncertainty factors (LOAEL to NOAEL to RfD, noted soil concentrations
based on an noncancer HQ of 1.0). B: Further adjustment of soil action level downward to consider the range of acceptable, noncancer (HQ)
and cancer (ECR) risks. A Residential direct-exposure soil action of 1.5 mg/kg was ultimately selected for use in the EHE guidance (see Table -
1in Appendix 1).



Figure «~2a. Example approaches to advanced evaluation wirommental hazard
associated with contaminated soil.

Environmental Hazard Example Site-Specific Evaluatbon Approaches

e Use of multi-increment sample data to evaluate
direct exposure concerns in targeted decision .unijts

* Use of Tier 2 Direct Exposure Spreadsheet to
calculate alternative action levels.

» Use of laboratory bioaccessibility tests to better

Direct Exposure evaluate arsenic toxicity.

* Preparation of a site-specific human health risk
assessment that considers engineered and
institutional controls to eliminate or minimize
exposure pathways, alternative exposure
assumptions, alternative target risks, etc.

» Collection of soil gas data to better evaluate vapo
Vapor Intrusion intrusion or explosive hazards.

* Preparation of site-specific vapor intrusion model.

» Collection of groundwater data.

Leachi * Use of laboratory batch test model to evaluate
eaching

contaminant mobility and estimate concentrations in

source area leachate.

* Field inspection to determine the presence or

absence of potentially significant, terrestrial

Impacts to Terrestrial ecological habits.

Habitats
* Preparation of a detailed, ecological risk
assessment.
» Field inspection of petroleum-contaminated soil tp
Gross Contamination evaluate potential gross contamination concerns
(especially in existing or planned residential ajed
Hawai'i DOH Volume 1 Text (Fall 2011)

Fall 2011



Figure «2b. Example approaches to advanced evaluation wfogmental hazard
associated with contaminated groundwater.

Environmental Hazard Example Site-Specific Evaluatbn Approaches

* Identification and monitoring of nearby,
groundwater supply wells and guard wells.
Contamination of Drinking * Long-term monitoring of groundwater to evaluate

Water Resources (toxicity plume migration potential.

and/or taste & odor hazards) | « Use of groundwater plume fate & transport models
in combination with long-term monitoring to

evaluate plume migration potential.

» Collection of soil gas data to better evaluate vapp
Vapor Intrusion intrusion or explosion hazards.

* Preparation of site-specific vapor intrusion mode|.

» Use of groundwater data to evaluate plume
expansion and migration over time.

Impacts to Aquatic Habitats | ¢« Use of fate and transport models to predict long-

term migration potential of groundwater

contaminant plumes.

» Check groundwater for free product.

Gross Contamination » Check discharge areas for sheen and other gros

[

contamination concerns.

Hawai'i DOH Volume 1 Text (Fall 2011)
Fall 2011



Tier 2 Soil Direct-Exposure Action Levels
Hawai'i DOH (Fall 2011)

Notes:

1. Calculates Tier 2 direct-exposure action levels (screening levels) for soil. Assumes exposure by ingestion, inhalation and dermal
contact.

2. Addresses mass-balance issues for volatile chemicals by accounting for thickness of contaminated soil (nonvolatile chemicals not
affected).

3. Does not address potential cumulative effects posed by multiple contaminants (evaluate separately).

3. Does not address potential vapor intrusion concerns, nuisance concerns, leaching concerns or ecological concerns.

4. Use default values in absence of site-specific data.

5. Natural background concentration of metals replaces risk-base action level if higher (e.g., arsenic).

5. Password to unprotect worksheets is "EAL."

[step 1. Select Contaminant: | BENZENE |
[Step 2. Select Exposure Scenario: [ Unrestricted (Residential) Land Use I
Step 3. Input Site Data: *Tier 1 Default Site-Specif ic

Thickness impacted soil (m) infinite 1.0

Soil density (g/cm®) ‘ 1.50 1.50

Particle density (g/cm®) 2.65 2.65

Soil moisture content (ml/g) 0.10 0.10

Fraction organic carbon in soil 0.006 0.006

*Default site parameter values from USEPA RSLs (USEPA 2008).

||Step 4. *Adjust Default Exposure Assumptions (see a  ttached worksheet) ||

*Generally not recommended in a Tier 2 assessment. Includes Tier 1 chemical toxicity factors.

[BENZENE (mg/kg)
Unrestricted (Residential) Land Use Cancer Concerns: 6.3E+00
Mutagenic Concerns: -
Noncancer Concerns: 2.5E+02
Final Tier 2 Direct-Exposure Action Level: 6.3E+00

*Saturation limits and Construction/Trench worker action levels take precedence if lower. Refer to
detailed calculations worksheet.

PROJECT NAME: Site ID No.:
SPREADSHEET PREPARED BY: DATE:
SIGNATURE:
COMPANY:

SUPPORTING SITE INVESTIGATION REPORT(S) (Note report title, date, and preparer's name and address):

Notes:

Tier 2 model based on USEPA Regional Screening Levels model (USEPA 2011) with option for mass-balance Volatilization Factor
as presented in USEPA Soil Screening Guidance document (USEPA 2002). Refer to Tier 2 Calculations worksheet and Appendix
2 of HDOH EHE guidance (HDOH 2011). Addresses direct exposure hazards only. Other pote  ntial environmental hazards
must be evaluated separately (vapor intrusion, leac  hing, ecotoxicity, gross contamination, etc.).

Figure 4-3. Primary input page of Tier2 Direct Bgpre Model for site-specific calculation of sateening levels for
direct exposure to contaminants in soil. Exposis®imptions and target risks can be modified ecared worksheet as
warranted. All modifications to default site chatraistics and exposure assumptions must be disdussl supported in
the text of the Environmental Hazard Evaluatiororep

Hawai'i DOH
Fall 2011



Figure 4-4. Summary of Arsenic Soil Action Levetglaassociated soil management categories.

Soil Management _
Category Action

Total Arsenic (< 2 mm size fraction)

Background. Within range of expected background conditions nion-
agricultural and non-industrial areas (upperbouadkiround noted, HDOH
2011). No further action required and no reswition land use.

Category A
Total Arsenic
<24 mg/kg

Bioaccessible Arsenic (<250 um size fraction)

Minimally Impacted -Unrestricted Land Use. Exceeds exfcted backgroun
conditions but at levels anticipated for many agtical fields where arseniq
based chemicals were used historically. Potengalth risks considered to je
within the range of acceptable health risks forglderm exposure. Include
Category B soil in remedial actions for more heacibntaminated spill aregs
as practicable in order to reduce exposure (ewgeramargins of pesticide
mixing areas). Offsite reuse of soil for fill megt not recommended for sqil
with >100 mg/kg total arsenic (see text). Use df &w intermediate (e.g.
temporarily inactive portions) or interim (e.g.,ilgaor weekly) cover at g
regulated landfill is acceptable, pending agreerbgnthe landfill and barring
hazardous waste restrictions.

Category B
Total Arsenic
>24 mg/kg and
Bioaccessible Arsenic
<23 mg/kg

=2

Although not strictly necessary from a health-ristandpoint, owners ¢
existing homes where pesticide-related, Categoigois are identified ma
want to consider measures to reduce daily expdsiseil (e.g., maintain law
cover, ensure good hygiene, thoroughly wash homagrproduce, etc) a
described in the HDOH fact shegtsenic in Hawaiian Soils: Questions ahd
Answers on Health Concer@dDOH 2010c).

D =

For new developments on large, former field areasfy future homeowner
of elevated levels of arsenic on the property aedommend similar
precautionary measures (e.g., include in informmagioovided to home buyels
during property transactions, see also HDOH 2008b).

U7

Hawai'i DOH 14 Volume 1 Text (Fall 2011)
Fall 2011



Figure 4-4 (cont.). Summary of Arsenic Soil Actioevels and associated soil management

categories.

Category C
(Bioaccessible Arsenic
>23 but 95 mg/kg)

Moderately Impacted-Commercial/Industrial Land Use Only. Identified a

several, former pesticide mixing areas and woadtitnent facilities. May b¢

co-located with pentachlorophenol, dioxin and iriazpesticide contaminatid
at agricultural sites.

Restriction to commercial/industrial land use iitally required in thd
absence of remediation or significant institutioaatl engineered controls a
HDOH approval. Use of soil as soil as intermediatg., temporarily inactiv
portions) or interim (e.g., daily or weekly) covat a regulated landfill i
acceptable, pending agreement by the landfill aadity hazardous was
restrictions.

Preparation of a site-specifidccnvironmental Hazard Management PI
(EHMP) required if soil is left on site for longrte management (HDOJ
2008b, 2009). Treatment to reduce bioavailabditygl/or removal of isolate
spill areas is recommended when practicable inrotdeminimize future

management and liability concerns. This includegrods to ensure no off-site

dispersion (e.g., dust or surface runoff) or inathre excavation and reuse
properties with sensitive land uses.

173

d

-

o

e

AN

——

d

at

Heavily Impacted-Remedial Actions Requirec. Identified at a small numbt
of former pesticide storage and mixing areas (esggarcane operationg
former plantation housing areas and wood treatrfemilities. May be co;
located with dioxin and triazine pesticide contaation.

N—r

h

te

Category D
(Bioaccessible Arsenic Remedial actions required under any land use siceirarorder to reduce
>95 mg/kg) potential exposure. Potentially adverse healtksrisnder both sensitive afd
commercial/industrial land use scenarios in theeabs of significan
institutional and/or engineered controls. Dispagadoil at a regulated landfi
is acceptable, pending agreement by the landfdl barring hazardous wag
restrictions. Preparation of site-specific EHMBuieed if left on site.
Hawai'i DOH 15 Volume 1 Text (Fall 2011)

Fall 2011



Figure 4-5. Summary of TEQ Dioxin Soil Action Leselnd associated soil management

categories.
Soil Management
Category Action
Background. Within range of expected background conditions iar-
Category A agricultural and non-industrial areas. No furthestion required and n

(<20 ng/kg)

restrictions on land use.

Category B

(>20 but 240 ng/kg)

Minimally Impacted. Exceeds expected background conditions but w

range anticipated for agricultural fields. Potentiaalth risks considered to lpe

insignificant. Include Category B soil in remedittions for more heauvil
contaminated spill areas as practicable in ordeetiuce exposure (e.g., ou
margins of pesticide mixing areas). Offsite reageoil for fill material or ag
final cover on a decommissioned landfill is accbfgapending agreement §
the landfill and barring hazardous waste restnitio

For existing homes, consider measures to redudg dgposure to soil (e.g

maintain lawn cover, ensure good hygiene, thorgughbsh homegrowim

produce, etc.). For new developments on largepdorfield areas, notify futur
homeowners of elevated levels of dioxin on the prgp (e.g., include in
information provided to home buyers during propéréysactions).

er

y

a)

-

Category C

(>240 but 4,500
ng/kg)

Moderately Impacted. Typical of incineator ash, burn pits, wood treatm:
operations that used pentachlorophenol (PCP), aadntargins of heavily
impacted, pesticide mixing areas associated witméo sugarcane operatio
that used PCP.

Restriction to commercial/industrial land use reediwith a formal restriction t
the deed against sensitive land uses (e.g., régijeschools, day care, medid
facilities, etc.) in the absence of significanttitogional and engineered contrd
and HDOH approval. Use of soil as soil as intermei(e.g., temporaril
inactive portions) or interim (e.g., daily or wegktover at a regulated landfill
acceptable, pending agreement by the landfill aadidy hazardous was
restrictions.

Preparation of a site-specifiénvironmental Hazard Management PIgEHMP)

required if soil left on site for long-term managam Removal of isolated splll

areas recommended when practicable in order tonmzri future manageme
and liability concerns. This includes controls tasere no off-site dispersid
(e.g., dust or surface runoff) or inadvertent extinm and reuse at properti
with sensitive land uses.

O

al
Is

Nt
n
ES

Category D
(>1,500 ng/kg)

Heavily Impacted. Typical of former pesticide mixing areas that uB&P (e.g.
sugarcane operations). Remedial actions requinddrnany land use scenario
order to reduce potential exposure. Potentiallyeagk health risks under bd
sensitive and commercial/industrial land use sdesamn the absence (
significant institutional and/or engineered cordgrol Disposal of soil at

in
th
f
il

hazardous waste restrictions.

regulated landfill is acceptable, pending agreennthe landfill and barringf

Hawai'i DOH
Fall 2011
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Batch Test Leaching Model
Version: Fall 2011
Hawai'i Department of Health

STEPS:

. Select chemical from pulldown list (unlisted chemicals - unprotect spreadsheet and input chemical name and chemical constants).
. Input total contaminant concentration and SPLP (or other applicable batch test) concentration.

. Input sample properties. Use default values if sample-specific data are not available.

. Input Batch Test method information. Default SPLP method parameter values noted.

. Input groundwater:leachate dilution factor (DF of 1.0 = no dilution; USEPA default = 20, USEPA 2002).

. Input target groundwater action level for comparison to model calculation of groundwater impacts (optional).

. Spreadsheet calculates sample-specific Kd value and dissolved-phase concentration of contaminant in saturated sample.

. Spreadsheet calculates concentration of contaminant in groundwater following impact by leachate.

0O ~NOUh_WNPRE

[step 1: Select Contaminant (use pulldown list) | PERCHLORATE I

Step 2: Input Sample Data DEFAULT| INPUT || [PStep 5: Input Groundwater/ DEFAULT INPUT
Concentration in soil sample (mg/kg) N/A | 9.2E+00 || [[-eachate Dilution Factor 20 20
'Concentration in Batch Test sqlutiog (ug/L) . N/A 3.7E+02 || |*sStep 6 (optional): Input Target 6.0E400
Step 3: Input Sample Properties ("USEPA soil defaults noted) Groundwater Concentration !ug/L)

Sample density (g/cm3) 1.50 1.50 Model Results

Particle density (g/cm®) 2.65 2.65 °Kd partition Coefficient (cm?/g): 4.9E+00
Fraction air-filled porosity (assume saturated soil) 0.00 0.00 Estimated Concentration in 1.8E+03
Step 4: Batch Test Method Data (SPLP defaults noted) Source Area Leachate (ug/L): '
’Batch Test Solution Volume (ml): 2,000 2,000 "Estimated Concentration in 8.9E+01 |lx
“Batch Test Solution Density (g/cm®): 1.0 1.0 Groundwater (ug/L):

’Batch Test Sample Weight (grams) 100 100 X: Target groundwater action level potentially exceeded.

Chemical Constants (selected from Constants worksheet) Kd <20. Contaminant potentially mobile in leachate

Kh (atm m3/mole) 0.00E+00 for concentration and soil type tested. Soil leaching

Kh (dimensionless) 0.00E+00 and groundwater impact concerns must be further

Solubility (ug/L) 2.00E+08 addressed if target groundwater action level is
exceeded.

Calculations:

Sample porosity - total 0.43

Sample porosity - air-filled 0.00

Sample porosity - water-filled 0.43

Batch Test Solution Mass (grams) 2.0E+03

Batch Test Sample Mass (grams) 1.0E+02

Sample Mass:Solution Mass Ratio (gm/gm) 5.0E-02

Total Mass of Contaminant (ug) 9.2E+02

Mass Contaminant in Batch Test Solution (ug) 7.4E+02

Mass Contaminant Sorbed to Soil (ug) 1.8E+02

Concentration Sorbed (ug/kg) 1.8E+03

Batch Test Percent Solid Phase 19.6%

Batch Test Percent Dissolved Phase 80.4%

Batch Test Solid-Phase Contaminant Conc. (mg/kg) | 1.8E+00

Batch Test Solution Contaminant Conc. (ug/L) 3.7E+02

Figure 4-6. Input page of Batch Leaching Test model for |aboratory-based evaluation of leaching of contaminants from soil.

Hawai'i DOH
Summer 2008



YIndoor Air Action Level (ug/m®)

“Typical Indoor Air Background Range (ug/m?)

Compound Residential Commercial/lndustrial | 50th Percentile | 75th Percentile |  90th Percentile
Petroleum Related

Benzene 0.31 0.52 <RL to 4.7 19to7.0 9.910 29
Ethylbenzene 0.97 16 1 to 3.7 2.0t05.6 12to0 17
Toluene 1,000 1,500 48t024 12t041 7910144
Xylenes (total) 21 29 2.61t05.0 7.0to 27 34t084
Naphthalene 0.07 0.12 <RL <RL 2.7
*Total Petroleum Hydrocarbons 230 330 126 240 594+
2C5-C8 Al phatics 630 880 58 130 330+
%C9-C12+ Aliphatics 100 150 69 110 220+
%C9-C10+ Aromatics 100 150 <RL <RL 44+
Chlorinated Solvents

Carbon Tetrachloride 0.41 0.68 <RL t00.68 <RL t00.72 <RLtol.1
1,1 Dichloroethylene 42 58 <RL <RL t0 0.37 0.7

1,2 cis-Dichloroethylene 15 2.0 <RL <RL <RLt0o1l.2
?1,2 trans-Dichloroethylene 13 18 <RL <RL <RL
Methylene Chloride 5.2 8.7 0.68t06.1 10t08.2 2.9-45
Tetrachloroethylene 0.41 0.69 <RL t0 2.2 <RLto4.1 4.1t09.5
1,1,1 Trichloroethane 1,000 1,500 <RL t0o 5.9 <RLt0 7.0 341028
Trichloroethylene 1.2 2.0 <RLtol.1 <RLt0o1l.2 0.56t03.3
Vinyl Chloride 0.55 0.93 <RL <RL <RL t0 0.09
Notes

1. See Appendix 1, Table C-3. Refer to Appendix 1, Chapter 6 of Appendix 1 for discussion of indoor air action levels for TPH and individual carbon

ranges.

1.Primary reference: USEPA 2011b.

2. Datafrom MADEP 2002a.

3. TPH as sum of individual hydrocarbon ranges (excludes BTEX). Levelsof TPH in indoor air could exceed 1,000 ug/m? if petroleum-based fuels,

cleaners or other products stored or recently used in the building.

4. Reporting Limit (RL) for individual VOCs varied between studies.

Figure 4-7a. Comparison of indoor air action levels to typical concentrations of volatile chemicals in indoor, residential air. Concentrations of
the chemicals in the indoor air of commercial/industrial buildings could be much higher, depending on chemicals used and stored in the
building. Ambient levels of highlighted chemicals may exceed action levels some or much of the time at a conservative target risk level.




'Chancethat Indoor Air Impacts will not be Discer nible
from Background Indoor Air at Noted Subslab Soil Gas
Concentration (ug/m?).

Compound Up to 50% Up to 25% Up to 10%
Petroleum Related
Benzene 4,700 7,000 29,000
Ethylbenzene 3,700 5,600 17,000
Toluene 24,000 41,000 144,000
Xylenes (total) 5,000 27,000 84,000
Naphthalene - - 2,700
Total Petroleum Hydrocarbons 126,000 240,000 594,000+
C5-C8 Aliphatics 58,000 130,000 330,000
C9-C12+ Aliphatics 69,000 110,000 220,000
C9-C10+ Aromatics - - 44,000
Chlorinated Solvents
Carbon Tetrachloride 680 720 1,100
1,1 Dichloroethylene - 370 700
1,2 cis-Dichloroethylene - - 1,200
21,2 trans-Dichloroethylene - - -
Methylene Chloride 6,100 8,200 45,000
Tetrachloroethylene 2,200 4,100 9,500
1,1,1 Trichloroethane 5,900 7,000 28,000
Trichloroethylene 1,100 1,200 3,300
Vinyl Chloride - - 90
Notes

1. Uppermost concentration for range noted in Figure 4-8a divided by the default, Indoor
Air:Subslab Soil Gas Attenuation Factor for residential homes of 0.001 (1/1000).

Figure 4-7b. Chance that impacts to indoor air from the intrusion of subsurface vapors
into a building will not be discernible from typical background concentrations at the
noted concentration of the chemical in subslab soil gas (see Table 4-7a). Based ona

residential home scenario levels. Equivalent subslab soil gas levels for
commercial/industrial buildings necessary to impact indoor air above typical background
could be much higher. For general guidance only.
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TABLE A. ENVIRONMENTAL ACTION LEVELS (EALS)
Groundwater IS Current or Potential Source of Drinking Water

>150m to Surface Water Body <150m to Surface Water Body
*Soil “Groundwater *Soil “Groundwater

CONTAMINANT (mg/kg) (ug/L) (mg/kg) (ug/L)
IACENAPHTHENE 1.2E+02 2.0E+01 1.2E+02 2.0E+01
ACENAPHTHYLENE 1.0E+02 2.4E+02 1.3E+01 3.0E+01
ACETONE 1.0E+00 1.5E+03 1.0E+00 1.5E+03
ALDRIN 9.2E-01 4.0E-03 9.2E-01 4.0E-03
AMETRYN 1.1E+01 1.5E+02 1.1E+00 1.5E+01
[AMINO,2- DINITROTOLUENE 4,6- 3.4E+00 7.3E+01 7.0E-01 1.5E+01
[AMINO,4- DINITROTOLUENE, 2,6- 3.4E+00 7.3E+01 7.0E-01 1.5E+01
ANTHRACENE 4.3E+00 2.2E+01 4.3E+00 7.3E-01
ANTIMONY 2.4E+00 6.0E+00 2.4E+00 6.0E+00
ARSENIC 2.4E+01 1.0E+01 2.4E+01 1.0E+01
ATRAZINE 1.1E-01 3.0E+00 1.1E-01 3.0E+00
BARIUM 1.0E+03 1.0E+03 1.0E+03 2.0E+02
[[BENZENE 3.0E-01 5.0E+00 3.0E-01 5.0E+00
[[BENZO(2)ANTHRACENE 1.5E+00 9.2E-02 1.5E+00 2.7E-02
[[BENZO(2)PYRENE 1.5E-01 2.0E-01 1.5E-01 1.4E-02
[[BENZO(b)FLUORANTHENE 1.5E+00 9.2E-02 1.5E+00 9.2E-02
[[BENZO(g,h,i)PERYLENE 3.5E+01 1.3E-01 2.7E+01 1.0E-01
[[BENZO(k)FLUORANTHENE 1.5E+01 4.0E-01 1.5E+01 4.0E-01
[[BERYLLIUM 3.1E+01 4.0E+00 3.1E+01 2.7E+00
[[BIPHENYL, 1,1- 1.0E+01 5.0E-01 1.0E+01 5.0E-01
[BlS(2-CHLOROETHYL)ETHER 6.4E-05 1.2E-02 6.4E-05 1.2E-02
[BlS(2-CHLOROISOPROPYL)ETHER 3.5E-03 3.2E-01 3.5E-03 3.2E-01
[BIS(2-ETHYLHEXYL)PHTHALATE 3.5E+01 6.0E+00 3.5E+01 6.0E+00
[[BorON 1.0E+02 7.3E+03 1.0E+02 7.3E+03
[[BROMODICHLOROMETHANE 2.2E-03 1.2E-01 2.2E-03 1.2E-01
[[BROMOFORM 6.9E-01 8.0E+01 6.9E-01 8.0E+01
BROMOMETHANE 2.2E-01 8.7E+00 2.2E-01 8.7E+00
CADMIUM 1.4E+01 3.0E+00 1.4E+01 3.0E+00
CARBON TETRACHLORIDE 8.7E-02 5.0E+00 8.7E-02 5.0E+00
CHLORDANE (TECHNICAL) 1.6E+01 9.0E-02 1.6E+01 4.0E-03
CHLOROANILINE, p- 6.3E-03 3.4E-01 6.3E-03 3.4E-01
CHLOROBENZENE 2.2E+00 5.0E+01 1.5E+00 2.5E+01
CHLOROETHANE 1.1E+00 1.6E+01 1.1E+00 1.6E+01
CHLOROFORM 2.3E-02 7.0E+01 2.3E-02 7.0E+01
CHLOROMETHANE 1.0E-01 1.8E+00 1.0E-01 1.8E+00
CHLOROPHENOL, 2- 9.2E-03 1.8E-01 9.2E-03 1.8E-01
CHROMIUM (Total) 1.1E+03 1.0E+02 1.1E+03 7.4E+01
CHROMIUM Il 1.0E+03 5.7E+02 1.0E+03 7.4E+01
CHROMIUM VI 2.9E+01 1.3E+01 2.9E+01 1.1E+01
CHRYSENE 3.0E+01 1.0E+00 1.0E+01 3.5E-01
COBALT 8.0E+01 3.0E+00 8.0E+01 3.0E+00
COPPER 6.3E+02 2.9E+00 6.3E+02 2.9E+00
CYANIDE (Free) 1.0E+02 1.0E+00 1.0E+02 1.0E+00
CYCLO-1,3,5-TRIMETHYLENE-2,4,6-TRINITRAMINE (RDX) 9.0E-03 6.1E-01 9.0E-03 6.1E-01
DALAPON 1.1E-01 2.0E+02 1.1E-01 2.0E+02
(IDIBENZO(@,h)ANTHTRACENE 1.5E-01 9.2E-03 1.5E-01 9.2E-03
([DIBROMO, 1,2- CHLOROPROPANE 3- 9.0E-04 4.0E-02 9.0E-04 4.0E-02
([DIBROMOCHLOROMETHANE 1.6E-03 1.6E-01 1.6E-03 1.6E-01
[DIBROMOETHANE, 1,2- 3.7E-04 4.0E-02 3.7E-04 4.0E-02
(IDICHLOROBENZENE, 1,2- 7.5E-01 1.0E+01 7.5E-01 1.0E+01
(IDICHLOROBENZENE, 1,3- 5.7E-01 5.0E+00 5.7E-01 5.0E+00
(IDICHLOROBENZENE, 1,4- 4.7E-02 5.0E+00 4.7E-02 5.0E+00
(IDICHLOROBENZIDINE, 3,3- 7.9E-02 1.5E-01 7.9E-02 1.5E-01
(IDICHLORODIPHENYLDICHLOROETHANE (DDD) 2.0E+00 2.8E-01 2.0E+00 1.0E-03
(IDICHLORODIPHENYLDICHLOROETHYLENE (DDE) 1.4E+00 2.0E-01 1.4E+00 1.0E-03
(IDICHLORODIPHENYLTRICHLOROETHANE (DDT) 1.7E+00 1.3E-02 1.7E+00 1.0E-03
(IDICHLOROETHANE, 1,1- 9.7E-02 2.4E+00 9.7E-02 2.4E+00
(IDICHLOROETHANE, 1,2- 2.1E-03 1.5E-01 2.1E-03 1.5E-01
(IDICHLOROETHYLENE, 1,1- 1.2E+00 7.0E+00 1.2E+00 7.0E+00
IDICHLOROETHYLENE, Cis 1,2- 3.1E-01 7.0E+01 3.1E-01 7.0E+01
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TABLE A. ENVIRONMENTAL ACTION LEVELS (EALS)
Groundwater IS Current or Potential Source of Drinking Water

>150m to Surface Water Body <150m to Surface Water Body
*Soil “Groundwater *Soil “Groundwater

CONTAMINANT (mg/kg) (ug/L) (mg/kg) (ug/L)
DICHLOROETHYLENE, Trans 1,2- 2.7E+00 1.0E+02 2.7E+00 1.0E+02
(IDIcHLOROPHENOL, 2,4- 2.5E-02 3.0E-01 2.5E-02 3.0E-01
(IDICHLOROPHENOXYACETIC ACID (2,4-D) 3.4E-01 7.0E+01 2.0E-01 4.0E+01
(IDICHLOROPROPANE, 1,2- 5.2E-02 5.0E+00 5.2E-02 5.0E+00
(IDICHLOROPROPENE, 1,3- 1.5E-02 4.3E-01 1.5E-02 4.3E-01
[DIELDRIN 1.5E+00 4.2E-03 1.5E+00 1.9E-03
(DIETHYLPHTHALATE 1.6E+01 9.4E+02 2.6E-02 1.5E+00
[DIMETHYLPHENOL, 2,4- 9.9E+00 1.2E+02 9.0E+00 1.1E+02
(DIMETHYLPHTHALATE 2.2E+01 9.4E+02 3.5E-02 1.5E+00
[[DINTROBENZENE, 13- 2.1E-01 3.7E+00 2.1E-01 3.7E+00
[DINTROPHENOL, 2,4- 5.6E+00 7.3E+01 5.6E+00 7.3E+01
[DINTTROTOLUENE, 2,4- (2,4-DNT) 2.1E-02 2.2E-01 2.1E-02 2.2E-01
[DINTTROTOLUENE, 2,6- (2,6-DNT) 3.6E+00 3.7E+01 3.6E+00 3.7E+01
([DIoXANE, 1.4- 3.1E-04 6.7E-01 3.1E-04 6.7E-01
[lbroxins (TEQ) 2.4E-04 3.0E-05 2.4E-04 5.0E-06
(lDiuroON 1.3E+00 7.3E+01 1.1E+00 6.0E+01
[ENDOSULFAN 1.8E+01 3.4E-02 1.8E+01 8.7E-03
[ENDRIN 3.7E+00 3.7E-02 3.7E+00 2.3E-03
[ETHANOL 4.5E+00 5.0E+04 4.5E+00 5.0E+04
(ETHYLBENZENE 3.7E+00 3.0E+01 3.7E+00 3.0E+01
FLUORANTHENE 4.6E+02 1.3E+02 8.7E+01 8.0E+00
[FLUORENE 1.0E+02 2.4E+02 1.0E+02 3.9E+00
[GLYyPHOSATE 1.0E-01 6.0E+02 1.1E-02 6.5E+01
[HEPTACHLOR 1.1E-01 5.3E-02 1.1E-01 3.6E-03
(HEPTACHLOR EPOXIDE 5.3E-02 5.3E-02 5.3E-02 3.6E-03
(HEXACHLOROBENZENE 3.0E-01 1.0E+00 3.0E-01 1.0E+00
(HEXACHLOROBUTADIENE 1.8E-01 8.6E-01 1.8E-01 8.6E-01
[HEXACHLOROCYCLOHEXANE (gamma) LINDANE 7.5E-02 1.6E-01 3.7E-02 8.0E-02
[HEXACHLOROETHANE 2.7E-01 4.8E+00 2.7E-01 4.8E+00
[HEXAZINONE 2.6E+01 1.2E+03 2.6E+01 1.2E+03
INDENO(1,2,3-cd)PYRENE 1.5E+00 9.2E-02 1.5E+00 9.2E-02
IsoPHORONE 7.7E-01 7.1E+01 7.7E-01 7.1E+01
(lLEAD 2.0E+02 1.5E+01 2.0E+02 5.6E+00
IMERCURY 4.7E+00 2.0E+00 4.7E+00 2.5E-02
[METHOXYCHLOR 1.6E+01 3.0E-02 1.6E+01 3.0E-02
(METHYL ETHYL KETONE 7.7E+00 7.1E+03 7.7E+00 7.1E+03
(METHYL 1ISOBUTYL KETONE 5.0E-01 1.7E+02 5.0E-01 1.7E+02
(METHYL MERCURY 1.6E+00 3.0E-03 1.6E+00 3.0E-03
(METHYL TERT BUTYL ETHER 2.8E-02 5.0E+00 2.8E-02 5.0E+00
(METHYLENE CHLORIDE 1.1E-01 4.8E+00 1.1E-01 4.8E+00
METHYLNAPHTHALENE, 1- 1.8E+00 4.7E+00 7.9E-01 2.1E+00
METHYLNAPHTHALENE, 2- 4.1E+00 1.0E+01 8.7E-01 2.1E+00
MoLYBDENUM 7.8E+01 1.8E+02 7.8E+01 1.8E+02
(INAPHTHALENE 4.4E+00 1.7E+01 4.4E+00 1.7E+01
(INnicKEL 7.6E+02 5.0E+00 7.6E+02 5.0E+00
(NITROBENZENE 4.6E-03 1.26-01 4.6E-03 1.2E-01
(NITROGLYCERIN 7.0E-02 3.7E+00 7.0E-02 3.7E+00
([NITROTOLUENE, 2- 3.8E-03 6.2E-02 3.8E-03 6.2E-02
((NITROTOLUENE, 3- 7.3E+00 1.2E+02 7.3E+00 1.2E+02
(NITROTOLUENE, 4- 2.5E-01 4.2E+00 2.5E-01 4.2E+00
PENTACHLOROPHENOL 8.2E-01 1.0E+00 8.2E-01 1.0E+00
[PENTAERYTHRITOLTETRANITRATE (PETN) 4.2E-01 1.7E+01 4.2E-01 1.7E+01
(PERCHLORATE 7.0E-03 2.6E+01 7.0E-03 2.6E+01
PHENANTHRENE 4.4E+02 2.4E+02 6.9E+01 4.6E+00
(lPHENOL 1.6E-01 5.0E+00 1.6E-01 5.0E+00
[POLYCHLORINATED BIPHENYLS (PCBs) 1.1E+00 5.0E-01 1.1E+00 1.4E-02
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TABLE A. ENVIRONMENTAL ACTION LEVELS (EALS)
Groundwater IS Current or Potential Source of Drinking Water

>150m to Surface Water Body <150m to Surface Water Body
soil 2Groundwater soil 2Groundwater

CONTAMINANT (mg/kg) (ug/L) (mg/kg) (ug/L)
PROPICONAZOLE 6.6E+01 2.6E+02 6.6E+00 2.6E+01
PYRENE 4.4E+01 6.8E+01 4.4E+01 2.0E+00
SELENIUM 7.8E+01 2.0E+01 7.8E+01 5.0E+00
SILVER 7.8E+01 1.0E+00 7.8E+01 1.0E+00
SIMAZINE 9.8E-02 4.0E+00 4.9E-02 2.0E+00
STYRENE 9.1E-01 1.0E+01 9.1E-01 1.0E+01
TERBACIL 3.9E+00 4.7E+02 3.9E+00 4.7E+02
tert-BUTYL ALCOHOL 2.8E-02 4.5E+00 2.8E-02 4.5E+00
TETRACHLOROETHANE, 1,1,1,2- 1.5E-02 5.2E-01 1.5E-02 5.2E-01
TETRACHLOROETHANE, 1,1,2,2- 1.2E-03 6.7E-02 1.2E-03 6.7E-02
TETRACHLOROETHYLENE 8.8E-02 5.0E+00 8.8E-02 5.0E+00
TETRACHLOROPHENOL, 2,3,4,6- 4.9E+00 1.0E+01 5.9E-01 1.2E+00
TETRANITRO-1,3,5,7-TETRAAZOCYCLOOCTANE (HMX) 1.6E+02 1.8E+03 2.9E+01 3.3E+02
THALLIUM 7.8E-01 2.0E+00 7.8E-01 2.0E+00
TOLUENE 3.2E+00 4.0E+01 3.2E+00 4.0E+01
TOXAPHENE 4.4E-01 2.1E-01 4.4E-01 2.0E-04
TPH (gasolines) 1.0E+02 1.0E+02 1.0E+02 1.0E+02
TPH (middle distillates) 1.0E+02 1.0E+02 1.0E+02 1.0E+02
TPH (residual fuels) 5.0E+02 1.0E+02 5.0E+02 1.0E+02
TRICHLOROBENZENE, 1,2 ,4- 9.8E-02 7.0E+01 9.8E-02 2.5E+01
TRICHLOROETHANE, 1,1,1- 2.3E+01 2.0E+02 7.0E+00 6.2E+01
TRICHLOROETHANE, 1,1,2- 8.9E-03 5.0E+00 8.9E-03 5.0E+00
TRICHLOROETHYLENE 2.6E-01 5.0E+00 2.6E-01 5.0E+00
TRICHLOROPHENOL, 2,4,5- 2.9E+01 1.0E+02 3.2E+00 1.1E+01
TRICHLOROPHENOL, 2,4,6- 1.8E+00 6.1E+00 1.8E+00 6.1E+00
TRICHLOROPHENOXYACETIC ACID, 2,4,5- (2,4,5-T) 6.5E+00 3.7E+02 6.5E+00 3.7E+02
TRICHLOROPHENOXYPROPIONIC ACID, 2,4,5- (2,4,5-TP) 8.7E-01 3.0E+01 8.7E-01 3.0E+01
TRICHLOROPROPANE, 1,2,3- 1.3E-03 6.0E-01 1.3E-03 6.0E-01
TRICHLOROPROPENE, 1,2,3- 1.2E-01 6.2E-01 1.2E-01 6.2E-01
TRIFLURALIN 2.4E+01 8.7E+00 2.4E+01 8.7E+00
TRINITROBENZENE, 1,3,5- 3.9E+01 1.4E+02 8.4E+00 3.0E+01
TRINITROPHENYLMETHYLNITRAMINE, 2,4,6- (TETRYL) 4.9E+01 1.5E+02 4.9E+01 1.5E+02
TRINITROTOLUENE, 2,4,6- (TNT) 1.0E+00 2.2E+00 1.0E+00 2.2E+00
VANADIUM 7.7E+02 1.9E+01 7.7E+02 1.9E+01
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TABLE A. ENVIRONMENTAL ACTION LEVELS (EALS)
Groundwater IS Current or Potential Source of Drinking Water

>150m to Surface Water Body <150m to Surface Water Body
soil 2Groundwater soil 2Groundwater

CONTAMINANT (mg/kg) (ug/L) (mg/kg) (ug/L)
VINYL CHLORIDE 7.2E-02 2.0E+00 7.2E-02 2.0E+00
XYLENES 2.1E+00 2.0E+01 2.1E+00 2.0E+01
ZINC 1.0E+03 2.2E+01 1.0E+03 2.2E+01
Electrical Conductivity
(mS/cm, USEPA Method 120.1 MOD) 2.0 0.0E+00 4.0 0.0E+00
Sodium Adsorption Ratio 5.0 0.0E+00 12 0.0E+00

Notes:

1. Based on unrestricted current or future land use. Considered adequate for residential housing, schools, medical facilities, day-care centers, parks and other
sensitive uses.

2. Assumes potential impacts to drinking water source and discharge of groundwater into a freshwater, marine or estuary surface water system.

Source of Soil Action Levels: Refer to Appendix 1, Tables A-1 and A-2.
Source of Groundwater Action Levels: Appendix 1, Table D-1a (<150m to Surface Water Body) and Table D-1b (>150m to Surface Water Body).
Soil data should be reported on dry-weight basis (see Appendix 1, Section 6.2).

Soil Action Levels intended to address direct-exposure, vapor intrusion, groundwater protection (leaching) and gross contamination hazards. Soil gas data
should be collected for additional evaluation of potential vapor intrusion hazards at sites with significant areas of VOC-impacted soil. See also Section 4.4 and
Table C. The need for a site-specific, ecological risk assessment should be evaluated if sensitive, terrestrial or aquatic habitats are within or nearby areas of
contaminated soil.

Groundwater Action Levels intended to address surface water impacts, vapor intrusion and nuisance hazards Use in conjunction with soil gas action levels to
evaluate potential impacts to vapor intrusion hazards if groundwater action levels for this concern approached or exceeded (refer to Table C-1a in Appendix 1).
See also Section 4.4 and Table C.

Groundwater action levels should be compared to dissolved-phase chemical concentrations unless otherwise instructed by HIDOH.

Groundwater ALs >150m to Surface Water Body: Groundwater screened with respect to acute surface water goals (See Table D-1b).

Groundwater ALs <150m to Surface Water Body: Groundwater screened with respect to chronic surface water goals (see Table D-1a).

TPH -Total Petroleum Hydrocarbons: TPH Action Levels must be used in conjunction with Action Levels for related chemicals (e.g., BTEX, PAHs, oxidizers,
etc.). See Section 2.6 in text.

TPH soil action levels for gross contamination hazards in isolated soils may be used as final cleanup levels if soil situated >3m deep at residential site and >1m
(or otherwise capped) at commercial sites AND site data indicate that remaining contamination will not pose leaching or vapor intrusion hazards (refer to Table
F-3 in Appendix 1; TPHg = 4,500 mg/kg, TPHmd & TPHrf = 5,000 mg/kg). TPH soil action levels noted in above table should be applied at sites with elevated
threats to drinking water resources or aquatic habitats. Refer to Section 2.6 in text.
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TABLE B. ENVIRONMENTAL ACTION LEVELS (EALS)
Groundwater IS NOT Current or Potential Source of Drinking Water

>150m to Surface Water Body <150m to Surface Water Body
*Soil Groundwater *Soil Groundwater

CONTAMINANT (mg/kg) (ug/L) (mg/kg) (ug/L)

IACENAPHTHENE 1.2E+02 2.0E+02 1.2E+02 2.3E+01

ACENAPHTHYLENE 1.3E+02 3.0E+02 1.3E+01 3.0E+01

ACETONE 1.0E+00 1.5E+03 1.0E+00 1.5E+03

ALDRIN 9.2E-01 1.3E+00 9.2E-01 1.3E-01

AMETRYN 1.1E+01 1.5E+02 1.1E+00 1.5E+01

[AMINO,2- DINITROTOLUENE 4,6- 7.0E+00 1.5E+02 7.0E-01 1.5E+01

[AMINO,4- DINITROTOLUENE, 2,6- 7.0E+00 1.5E+02 7.0E-01 1.5E+01

ANTHRACENE 4.3E+00 2.2E+01 4.3E+00 7.3E-01

ANTIMONY 2.4E+00 1.5E+03 2.4E+00 3.0E+01

ARSENIC 2.4E+01 6.9E+01 2.4E+01 3.6E+01

ATRAZINE 2.1E+00 3.5E+02 4.5E-01 1.2E+01

BARIUM 1.0E+03 1.0E+03 1.0E+03 2.0E+02

[[BENZENE 6.7E-01 1.7E+03 6.7E-01 4.6E+01
[[BENZO(2)ANTHRACENE 1.5E+00 4.7E+00 1.5E+00 2.7E-02
[[BENZO(2)PYRENE 1.5E-01 8.1E-01 1.5E-01 1.4E-02
[[BENZO(b)FLUORANTHENE 1.5E+00 7.5E-01 1.5E+00 7.5E-01
[[BENZO(g,h,i)PERYLENE 3.5E+01 1.3E-01 2.7E+01 1.0E-01
[[BENZO(k)FLUORANTHENE 1.5E+01 4.0E-01 1.5E+01 4.0E-01
[[BERYLLIUM 3.1E+01 4.3E+01 3.1E+01 2.7E+00
[[BIPHENYL, 1,1- 1.0E+01 5.0E+00 1.0E+01 5.0E+00
[BlS(2-CHLOROETHYL)ETHER 4.5E-03 1.3E+02 4.5E-03 6.1E+01
[BlS(2-CHLOROISOPROPYL)ETHER 3.3E+00 3.2E+03 6.6E-01 6.1E+01
[BIS(2-ETHYLHEXYL)PHTHALATE 3.5E+01 3.2E+01 3.5E+01 3.2E+01
[[BorON 1.0E+02 7.3E+03 1.0E+02 7.3E+03
[[BROMODICHLOROMETHANE 1.4E-02 9.8E+01 1.4E-02 9.8E+01
[[BROMOFORM 4.4E+01 5.1E+03 2.8E+01 3.2E+03
BROMOMETHANE 2.2E-01 4.6E+02 2.2E-01 1.6E+02

CADMIUM 1.4E+01 3.0E+00 1.4E+01 3.0E+00

CARBON TETRACHLORIDE 8.7E-02 9.8E+01 8.7E-02 9.8E+00

CHLORDANE (TECHNICAL) 1.6E+01 9.0E-02 1.6E+01 4.0E-03

CHLOROANILINE, p- 9.4E-02 5.0E+00 9.4E-02 5.0E+00

CHLOROBENZENE 2.2E+00 1.6E+02 1.5E+00 2.5E+01

CHLOROETHANE 1.1E+01 1.6E+02 1.1E+01 1.6E+02

CHLOROFORM 2.3E-02 9.4E+01 2.3E-02 9.4E+01

CHLOROMETHANE 2.9E-01 3.7E+02 2.9E-01 3.7E+02

CHLOROPHENOL, 2- 9.2E-02 1.8E+00 9.2E-02 1.8E+00

CHROMIUM (Total) 1.1E+03 5.7E+02 1.1E+03 7.4E+01

CHROMIUM Il 1.0E+03 5.7E+02 1.0E+03 7.4E+01

CHROMIUM VI 2.9E+01 1.6E+01 2.9E+01 1.1E+01

CHRYSENE 3.0E+01 1.0E+00 1.0E+01 3.5E-01

COBALT 8.0E+01 3.0E+00 8.0E+01 3.0E+00

COPPER 6.3E+02 2.9E+00 6.3E+02 2.9E+00

CYANIDE (Free) 1.0E+02 1.0E+00 1.0E+02 1.0E+00

CYCLO-1,3,5-TRIMETHYLENE-2,4,6-TRINITRAMINE (RDX) 5.5E+00 1.4E+03 2.8E+00 1.9E+02

DALAPON 1.6E+00 3.0E+03 1.6E-01 3.0E+02

(IDIBENZO(2,h)ANTHTRACENE 1.5E-01 5.2E-01 1.5E-01 5.2E-01
([DIBROMO, 1,2- CHLOROPROPANE 3- 9.0E-04 4.0E-02 9.0E-04 4.0E-02
[DIBROMOCHLOROMETHANE 2.2E-02 3.4E+02 2.2E-02 3.4E+02
[DIBROMOETHANE, 1,2- 8.7E-04 1.6E+01 8.7E-04 1.6E+01
(IDICHLOROBENZENE, 1,2- 7.5E+00 1.0E+02 1.1E+00 1.4E+01
(IDICHLOROBENZENE, 1,3- 4.2E+01 3.7E+02 7.4E+00 6.5E+01
(IDICHLOROBENZENE, 1,4- 4.7E-02 1.1E+02 4.7E-02 1.5E+01
(IDICHLOROBENZIDINE, 3,3- 1.1E+00 2.5E+02 1.1E+00 2.5E+02
(IDICHLORODIPHENYLDICHLOROETHANE (DDD) 2.0E+00 6.0E-01 2.0E+00 1.0E-03
(IDICHLORODIPHENYLDICHLOROETHYLENE (DDE) 1.4E+00 1.1E+00 1.4E+00 1.0E-03
(IDICHLORODIPHENYLTRICHLOROETHANE (DDT) 1.7E+00 1.3E-02 1.7E+00 1.0E-03
(IDICHLOROETHANE, 1,1- 3.3E-01 4.7E+01 3.3E-01 4.7E+01
(IDICHLOROETHANE, 1,2- 2.0E-02 1.6E+02 2.0E-02 1.6E+02
(IDICHLOROETHYLENE, 1,1- 8.9E+00 3.9E+03 4.3E+00 2.5E+01
IDICHLOROETHYLENE, Cis 1,2- 3.1E-01 1.1E+03 3.1E-01 5.9E+02
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TABLE B. ENVIRONMENTAL ACTION LEVELS (EALS)
Groundwater IS NOT Current or Potential Source of Drinking Water

>150m to Surface Water Body <150m to Surface Water Body
*Soil Groundwater *Soil Groundwater
CONTAMINANT (mg/kg) (ug/L) (mg/kg) (ug/L)

DICHLOROETHYLENE, Trans 1,2- 2.7E+00 2.6E+03 2.7E+00 5.9E+02
(IDIcHLOROPHENOL, 2,4- 2.5E-01 3.0E+00 2.5E-01 3.0E+00
(IDICHLOROPHENOXYACETIC ACID (2,4-D) 9.8E-01 2.0E+02 2.0E-01 4.0E+01
(IDICHLOROPROPANE, 1,2- 5.2E-02 1.0E+02 5.2E-02 1.0E+02
(IDICHLOROPROPENE, 1,3- 1.3E-01 2.6E+02 1.3E-01 1.2E+02
[DIELDRIN 1.5E+00 7.1E-01 1.5E+00 1.9E-03
(DIETHYLPHTHALATE 1.6E+01 9.4E+02 2.6E-02 1.5E+00
[DIMETHYLPHENOL, 2,4- 2.2E+01 2.7E+02 9.0E+00 1.1E+02
([DIMETHYLPHTHALATE 2.2E+01 9.4E+02 3.5E-02 1.5E+00
[[DINTROBENZENE, 13- 1.2E+00 1.1E+02 1.2E+00 3.0E+01
[DINTROPHENOL, 2,4- 1.8E+01 2.3E+02 5.7E+00 7.5E+01
[DINTROTOLUENE, 2,4- (2,4-DNT) 1.6E+00 1.1E+02 1.6E+00 4.4E+01
[DINTTROTOLUENE, 2,6- (2,6-DNT) 1.1E+01 1.1E+02 4.3E+00 4.4E+01
([DIoXANE, 1,4- 4.9E+00 5.0E+04 4.9E+00 5.0E+04
[lbroxins (TEQ) 2.4E-04 3.0E-03 2.4E-04 5.0E-06
(lDiuroON 3.6E+00 2.0E+02 1.1E+00 6.0E+01
[ENDOSULFAN 1.8E+01 3.4E-02 1.8E+01 8.7E-03
[ENDRIN 3.7E+00 3.7E-02 3.7E+00 2.3E-03
[ETHANOL 4.5E+00 5.0E+04 4.5E+00 5.0E+04
(ETHYLBENZENE 2.1E+01 3.0E+02 2.1E+01 2.9E+02
FLUORANTHENE 4.6E+02 1.3E+02 8.7E+01 8.0E+00
[FLUORENE 1.0E+02 3.0E+02 1.0E+02 3.9E+00
[GLYyPHOSATE 1.0E-01 6.0E+02 1.1E-02 6.5E+01
[HEPTACHLOR 1.1E-01 5.3E-02 1.1E-01 3.6E-03
(HEPTACHLOR EPOXIDE 5.3E-02 5.3E-02 5.3E-02 3.6E-03
(HEXACHLOROBENZENE 3.0E-01 3.1E+00 3.0E-01 3.1E+00
(HEXACHLOROBUTADIENE 2.2E+00 1.1E+01 9.5E-01 4.7E+00
[HEXACHLOROCYCLOHEXANE (gamma) LINDANE 7.5E-02 1.6E-01 3.7E-02 8.0E-02
[HEXACHLOROETHANE 5.7E+00 1.0E+02 6.8E-01 1.2E+01
[HEXAZINONE 4.0E+02 5.0E+04 1.1E+02 5.0E+03
INDENO(1,2,3-cd)PYRENE 1.5E+00 9.5E-02 1.5E+00 9.5E-02
IsoPHORONE 4.7E+01 4.3E+03 1.4E+00 1.3E+02
| = 2.0E+02 2.9E+01 2.0E+02 5.6E+00
IMERCURY 4.7E+00 2.1E+00 4.7E+00 2.5E-02
[METHOXYCHLOR 1.6E+01 3.0E-02 1.6E+01 3.0E-02
(METHYL ETHYL KETONE 1.5E+01 1.4E+04 1.5E+01 1.4E+04
(METHYL 1ISOBUTYL KETONE 5.0E-01 1.7E+02 5.0E-01 1.7E+02
(METHYL MERCURY 1.6E+00 3.0E-03 1.6E+00 3.0E-03
(METHYL TERT BUTYL ETHER 2.0E+00 1.8E+03 2.0E+00 1.8E+03
(METHYLENE CHLORIDE 1.1E+00 3.9E+03 1.1E+00 2.2E+03
METHYLNAPHTHALENE, 1- 2.6E+01 1.0E+02 7.9E-01 2.1E+00
METHYLNAPHTHALENE, 2- 2.8E+01 1.0E+02 8.7E-01 2.1E+00
MoLYBDENUM 7.8E+01 2.4E+02 7.8E+01 2.4E+02
(INAPHTHALENE 4.5E+00 2.1E+02 4.5E+00 2.4E+01
(INnicKEL 7.6E+02 5.0E+00 7.6E+02 5.0E+00
(NITROBENZENE 4.8E+00 2.0E+03 2.3E+00 6.0E+01
(NITROGLYCERIN 1.2E+00 1.4E+02 1.2E+00 1.4E+02
(NITROTOLUENE, 2- 1.9E+00 7.5E+03 1.9E+00 1.0E+03
((NITROTOLUENE, 3- 2.3E+02 3.8E+03 2.3E+01 3.8E+02
(NITROTOLUENE, 4- 3.0E+01 3.3E+03 3.0E+01 1.6E+03
PENTACHLOROPHENOL 8.9E-01 1.3E+01 8.9E-01 7.9E+00
[PENTAERYTHRITOLTETRANITRATE (PETN) 2.4E+01 2.2E+04 2.4E+01 2.2E+04
[PERCHLORATE 1.2E+00 6.0E+02 1.2E+00 6.0E+02
PHENANTHRENE 4.4E+02 3.0E+02 6.9E+01 4.6E+00
(lPHENOL 1.1E+02 3.4E+03 4.0E+01 1.3E+03
[POLYCHLORINATED BIPHENYLS (PCBs) 1.1E+00 2.0E+00 1.1E+00 1.4E-02
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TABLE B. ENVIRONMENTAL ACTION LEVELS (EALS)
Groundwater IS NOT Current or Potential Source of Drinking Water

>150m to Surface Water Body <150m to Surface Water Body
Soil Groundwater Soil Groundwater

CONTAMINANT (mg/kg) (ug/L) (mg/kg) (ug/L)
PROPICONAZOLE 6.6E+01 2.6E+02 6.6E+00 2.6E+01
PYRENE 4.4E+01 6.8E+01 4.4E+01 2.0E+00
SELENIUM 7.8E+01 2.0E+01 7.8E+01 5.0E+00
SILVER 7.8E+01 1.0E+00 7.8E+01 1.0E+00
SIMAZINE 2.4E-01 1.0E+01 4.9E-02 2.0E+00
STYRENE 2.9E+00 3.2E+01 2.9E+00 3.2E+01
TERBACIL 1.6E+02 2.3E+04 1.9E+01 2.3E+03
tert-BUTYL ALCOHOL 8.1E+01 5.0E+04 8.1E+01 1.8E+04
TETRACHLOROETHANE, 1,1,1,2- 1.9E+00 3.1E+03 1.9E+00 3.1E+02
TETRACHLOROETHANE, 1,1,2,2- 9.0E-03 2.0E+02 9.0E-03 2.0E+02
TETRACHLOROETHYLENE 8.8E-02 1.8E+02 8.8E-02 1.2E+02
TETRACHLOROPHENOL, 2,3,4,6- 4.9E+00 1.0E+01 5.9E-01 1.2E+00
TETRANITRO-1,3,5,7-TETRAAZOCYCLOOCTANE (HMX) 1.7E+02 1.9E+03 2.9E+01 3.3E+02
THALLIUM 7.8E-01 4.7E+02 7.8E-01 2.0E+01
TOLUENE 3.2E+01 4.0E+02 1.0E+01 1.3E+02
TOXAPHENE 4.4E-01 2.1E-01 4.4E-01 2.0E-04
TPH (gasolines) 1.0E+02 5.0E+03 1.0E+02 5.0E+02
TPH (middle distillates) 5.0E+02 2.5E+03 5.0E+02 6.4E+02
TPH (residual fuels) 5.0E+02 2.5E+03 5.0E+02 6.4E+02
TRICHLOROBENZENE, 1,2 ,4- 9.8E-02 1.6E+02 9.8E-02 2.5E+01
TRICHLOROETHANE, 1,1,1- 2.2E+02 6.0E+03 7.0E+00 6.2E+01
TRICHLOROETHANE, 1,1,2- 8.9E-03 1.0E+02 8.9E-03 1.0E+02
TRICHLOROETHYLENE 2.6E-01 6.1E+02 2.6E-01 3.6E+02
TRICHLOROPHENOL, 2,4,5- 2.9E+01 1.0E+02 3.2E+00 1.1E+01
TRICHLOROPHENOL, 2,4,6- 1.2E+01 4.9E+02 1.2E+01 4.9E+02
TRICHLOROPHENOXYACETIC ACID, 2,4,5- (2,4,5-T) 1.2E+01 6.9E+02 1.2E+01 6.9E+02
TRICHLOROPHENOXYPROPIONIC ACID, 2,4,5- (2,4,5-TP) 8.7E-01 3.0E+01 8.7E-01 3.0E+01
TRICHLOROPROPANE, 1,2,3- 1.3E-03 1.4E+02 1.3E-03 1.4E+01
TRICHLOROPROPENE, 1,2,3- 1.2E-01 6.2E-01 1.2E-01 6.2E-01
TRIFLURALIN 5.4E+01 2.0E+01 5.4E+01 2.0E+01
TRINITROBENZENE, 1,3,5- 3.9E+01 1.4E+02 8.4E+00 3.0E+01
TRINITROPHENYLMETHYLNITRAMINE, 2,4,6- (TETRYL) 4.9E+01 1.5E+02 4.9E+01 1.5E+02
TRINITROTOLUENE, 2,4,6- (TNT) 7.2E+00 5.7E+02 7.2E+00 1.3E+02
VANADIUM 7.7E+02 1.9E+01 7.7E+02 1.9E+01
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TABLE B. ENVIRONMENTAL ACTION LEVELS (EALS)
Groundwater IS NOT Current or Potential Source of Drinking Water

>150m to Surface Water Body <150m to Surface Water Body
Soil Groundwater Soil Groundwater

CONTAMINANT (mg/kg) (ug/L) (mg/kg) (ug/L)
VINYL CHLORIDE 7.2E-02 6.2E+01 7.2E-02 6.2E+01
XYLENES 4.5E+01 1.0E+03 1.1E+01 1.0E+02
ZINC 1.0E+03 2.2E+01 1.0E+03 2.2E+01
Electrical Conductivity
(mS/cm, USEPA Method 120.1 MOD) 2.0 0.0E+00 4.0 0.0E+00
Sodium Adsorption Ratio 5.0 0.0E+00 12 0.0E+00

Notes:

1. Based on unrestricted current or future land use. Considered adequate for residential housing, schools, medical facilities, day-care centers, parks and other
sensitive uses.

2. Assumes potential discharge of groundwater into a freshwater, marine or estuary surface water system.

Source of Soil Action Levels: Refer to Appendix 1, Tables B-1 and B-2.
Source of Groundwater Action Levels: Appendix 1, Table D-1c (<150m to Surface Water Body) and Table D-1d (>150m to Surface W ater Body).

Soil data should be reported on dry-weight basis (see Appendix 1, Section 6.2).

Soil Action Levels intended to address direct-exposure, vapor intrusion, groundwater protection (leaching) and gross contamination hazards. Soil gas data
should be collected for additional evaluation of potential vapor intrusion hazards at sites with significant areas of VOC-impacted soil. See also Section 4.4 and
Table C. The need for a site-specific, ecological risk assessment should be evaluated if sensitive, terrestrial or aquatic habitats are within or nearby areas of
contaminated soil.

Groundwater Action Levels intended to address surface water impacts, vapor intrusion and nuisance hazards Use in conjunction with soil gas action levels to
evaluate potential impacts to vapor intrusion hazards if groundwater action levels for this concern approached or exceeded (refer to Table C-1a in Appendix 1).
See also Section 4.4 and Table C.

Groundwater action levels should be compared to dissolved-phase chemical concentrations unless otherwise instructed by HIDOH.

Groundwater ALs >150m to Surface Water Body: Groundwater screened with respect to acute surface water goals (See Table D-1d).

Groundwater ALs <150m to Surface Water Body: Groundwater screened with respect to chronic surface water goals (see Table D-1c).

TPH -Total Petroleum Hydrocarbons: TPH Action Levels must be used in conjunction with Action Levels for related chemicals (e.g., BTEX, PAHs,

oxidizers, etc.). See Section 2.6 in text.

TPH soil action levels for gross contamination hazards in isolated soils may be used as final cleanup levels if soil situated >3m deep at residential site and >1m
(or otherwise capped) at commercial sites AND site data indicate that remaining contamination will not pose leaching or vapor intrusion hazards (refer to Table
F-3 in Appendix 1; TPHg = 4,500 mg/kg, TPHmd & TPHrf = 5,000 mg/kg). TPH soil action levels noted in above table should be applied at sites with elevated
threats to drinking water resources or aquatic habitats. Refer to Section 2.6 in text.
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TABLE C. ENVIRONMENTAL ACTION LEVELS (EALS)

Indoor Air and Soil Gas
(Vapor Intrusion Hazards)

INDOOR AIR ?SHALLOW SOIL GAS
ACTION LEVELS ACTION LEVELS
Commercial/ Commercial/
Physical 'Residential Industrial 'Residential Industrial
CHEMICAL PARAMETER State (ug/m3) (ug/m?) (ug/m3) (ug/m?)
[ACENAPHTHENE v s 4.4E+01 6.1E+01 4.4E+04 1.2E+05
[ACENAPHTHYLENE v S 2.9E+01 4.1E+01 2.9E+04 8.2E+04
[ACETONE v L 6.5E+03 9.1E+03 6.5E+06 1.8E+07
[ALDRIN N [ s
[AMETRYN N [ s
[AMINO,2- DINITROTOLUENE 4,6- N [ s
[AMINO,4- DINITROTOLUENE, 2,6- N [ s
[ANTHRACENE v S 2.2E+02 3.1E+02 2.2E+05 6.1E+05
[ANTIMONY N [ s
[ARSENIC N [ s
[ATRAZINE N [ s
BARIUM N [ s
[[BENZENE v L 3.1E-01 5.2E-01 3.1E+02 1.0E+03
[[BENZO(2)ANTHRACENE NV [ s
[[BENZO(2)PYRENE NV [ s
[[BENZO(b)FLUORANTHENE NV [ s
[[BENZO(g,h,i))PERYLENE NV [ S
[[BENZO(K)FLUORANTHENE NV [ s
[[BERYLLIUM NV [ s
[BIPHENYL, 1,1- v S 8.3E-02 1.2E-01 8.3E+01 2.3E+02
[BIS(2-CHLOROETHYL)ETHER v L 7.4E-03 1.2E-02 7.4E+00 2.5E+01
[BIS(2-CHLOROISOPROPYL)ETHER v L 2.4E-01 4.1E-01 2.4E+02 8.2E+02
[BIS(2-ETHYLHEXYL)PHTHALATE N [ s
[[BorON NV [ s
[[BROMODICHLOROMETHANE v L 6.6E-02 1.1E-01 6.6E+01 2.2E+02
[[BROMOFORM NV [ s
BROMOMETHANE v | G 1.0E+00 1.5E+00 1.0E+03 2.9E+03
CADMIUM N | s
CARBON TETRACHLORIDE v L 4.1E-01 6.8E-01 4.1E+02 1.4E+03
CHLORDANE (TECHNICAL) N [ s
CHLOROANILINE, p- N [ s
CHLOROBENZENE v L 1.0E+01 1.5E+01 1.0E+04 2.9E+04
CHLOROETHANE v | G 2.1E+03 2.9E+03 2.1E+06 5.8E+06
CHLOROFORM i L 1.1E-01 1.8E-01 1.1E+02 3.6E+02
CHLOROMETHANE v | G 1.4E+00 2.3E+00 1.4E+03 4.5E+03
CHLOROPHENOL, 2- i L 3.7E+00 5.1E+00 3.7E+03 1.0E+04
CHROMIUM (Total) NV | s
CHROMIUM Il NV | s
CHROMIUM VI NV | s
CHRYSENE NV | s
COBALT NV | s
COPPER NV | s
CYANIDE (Free) i S
CYCLO-1,3,5-TRIMETHYLENE-2,4,6-TRINITRAMINE (RDX) | NV | S
DALAPON NV | L
(IDIBENZO(a,h)ANTHTRACENE w | s
(IDIBROMO 1,2 CHLOROPROPANE ;3- i L 4.1E-04 6.8E-04 4.1E-01 1.4E+00
([DIBROMOCHLOROMETHANE i S 1.0E-01 1.7E-01 1.0E+02 3.4E+02
[DIBROMOETHANE, 1,2- i S 4.1E-03 6.8E-03 4.1E+00 1.4E+01
(IDICHLOROBENZENE, 1,2- i L 4.2E+01 5.8E+01 4.2E+04 1.2E+05
(IDICHLOROBENZENE, 1,3- i L 2.2E+01 3.1E+01 2.2E+04 6.1E+04
(IDICHLOROBENZENE, 1,4- i S 2.2E-01 3.7E-01 2.2E+02 7.4E+02
[DICHLOROBENZIDINE, 3,3- w | s
(IDICHLORODIPHENYLDICHLOROETHANE (DDD) NV | s
(IDICHLORODIPHENYLDICHLOROETHYLENE (DDE) NV | s
(IDICHLORODIPHENYLTRICHLOROETHANE (DDT) NV | s
IDICHLOROETHANE, 1,1- i L 1.5E+00 2.6E+00 1.5E+03 5.1E+03
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TABLE C. ENVIRONMENTAL ACTION LEVELS (EALS)

Indoor Air and Soil Gas
(Vapor Intrusion Hazards)

INDOOR AIR
ACTION LEVELS

2SHALLOW SOIL GAS
ACTION LEVELS

Commercial/ Commercial/

Physical 'Residential Industrial 'Residential Industrial
CHEMICAL PARAMETER State (ug/m3) (ug/m?) (ug/m3) (ug/m?)
DICHLOROETHANE, 1,2- v | L 9.4E-02 1.6E-01 9.4E+01 3.1E+02
(IDICHLOROETHYLENE, 1,1- v | L 4.2E+01 5.8E+01 4.2E+04 1.2E+05
(IDICHLOROETHYLENE, Cis 1,2- v | L 1.5E+00 2.0E+00 1.5E+03 4.1E+03
(IDICHLOROETHYLENE, Trans 1,2- v | L 1.3E+01 1.8E+01 1.3E+04 3.5E+04
(IDICHLOROPHENOL, 2,4- w | s
(IDICHLOROPHENOXYACETIC ACID (2,4-D) w | s
(IDICHLOROPROPANE, 1,2- v | L 2.4E-01 4.1E-01 2.4E+02 8.2E+02
(IDICHLOROPROPENE, 1,3- v | L 6.1E-01 1.0E+00 6.1E+02 2.0E+03
([DIELDRIN w | s
([DIETHYLPHTHALATE w | s
([DIMETHYLPHENOL, 2,4- v ]s 1.5E+01 2.0E+01 1.5E+04 4.1E+04
[DIMETHYLPHTHALATE w | s
([DINITROBENZENE, 1,3- M
[DINITROPHENOL, 2,4- w | s
[DINITROTOLUENE, 2,4- (2,4-DNT) M
[DINITROTOLUENE, 2,6- (2,6-DNT) M
([DIoXANE, 1,4- oL
[DioxiNs (TEQ) N | s
(lDiurON w | s
[ENDOSULFAN w | s
[ENDRIN w | s
[ETHANOL wo L
(ETHYLBENZENE v [ L 9.7E-01 1.6E+00 9.7E+02 3.3E+03
[FLUORANTHENE w | s
[FLUORENE v | s 2.9E+01 4.1E+01 2.9E+04 8.2E+04
[GLYPHOSATE w | s
[HEPTACHLOR w | s
[HEPTACHLOR EPOXIDE w | s
[HEXACHLOROBENZENE w | s
[HEXACHLOROBUTADIENE w | s
[HEXACHLOROCYCLOHEXANE (gamma) LINDANE w | s
[HEXACHLOROETHANE w | s
[HEXAZINONE w | s
[INDENO(1,2,3-cd)PYRENE w | s
IsoPHORONE nwo L
| = w | s
IMERCURY v | s 6.3E-03 8.8E-03 6.3E+00 1.8E+01
IMETHOXYCHLOR w | s
(METHYL ETHYL KETONE v | L 1.0E+03 1.5E+03 1.0E+06 2.9E+06
(METHYL ISOBUTYL KETONE v | L 6.3E+02 8.8E+02 6.3E+05 1.8E+06
(IMETHYL MERCURY w | s
(METHYL TERT BUTYL ETHER v [ L 9.4E+00 1.6E+01 9.4E+03 3.1E+04
(METHYLENE CHLORIDE v | L 5.2E+00 8.7E+00 5.2E+03 1.7E+04
METHYLNAPHTHALENE, 1- v ]s 2.9E-01 4.9€-01 2.9E+02 9.9E+02
[METHYLNAPHTHALENE, 2- v |s 2.9E+00 4.1E+00 2.9E+03 8.2E+03
MoLYBDENUM w | s
[NAPHTHALENE v |s 7.2E-02 1.2E-01 7.2E+01 2.4E+02
(INnicKEL w | s
(NITROBENZENE v [ L 6.1E-02 1.0E-01 6.1E+01 2.0E+02
[NTROGLYCERIN N | L
([NITROTOLUENE, 2- v [ s 3.9E-02 6.5E-02 3.9E+01 1.3E+02
((NITROTOLUENE, 3- v [ s 1.5E+01 2.0E+01 1.5E+04 4.1E+04
INITROTOLUENE, 4- NV | s
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TABLE C. ENVIRONMENTAL ACTION LEVELS (EALS)
Indoor Air and Soil Gas
(Vapor Intrusion Hazards)

INDOOR AIR ’SHALLOW SOIL GAS
ACTION LEVELS ACTION LEVELS
Commercial/ Commercial/
Physical 'Residential Industrial 'Residential Industrial
CHEMICAL PARAMETER State (ug/m3) (ug/m?) (ug/m3) (ugim?)
PENTACHLOROPHENOL w | s
[PENTAERYTHRITOLTETRANITRATE (PETN) w | s
[PERCHLORATE w | s
PHENANTHRENE v ]s 2.9E+01 4.1E+01 2.9E+04 8.2E+04
(lPHENOL w | s
[POLYCHLORINATED BIPHENYLS (PCBs) w | s
[ProPICONAZOLE wo L
PYRENE v ]s 2.2E+01 3.1E+01 2.2E+04 6.1E+04
SELENIUM w | s
SILVER w | s
SIMAZINE w | s
STYRENE v | L 2.1E+02 2.9E+02 2.1E+05 5.8E+05
TERBACIL w | s
tert-BUTYL ALCOHOL v | L 2.8E+00 4.8E+00 2.8E+03 9.5E+03
TETRACHLOROETHANE, 1,1,1,2- v | L 3.3E-01 5.5E-01 3.3E+02 1.1E+03
TETRACHLOROETHANE, 1,1,2.2- v | L 4.2E-02 7.0E-02 4.2E+01 1.4E+02
TETRACHLOROETHYLENE v | L 4.1E-01 6.9E-01 4.1E+02 1.4E+03
TETRACHLOROPHENOL, 2,3,4,6- w | s
TETRANITRO-1,3,57-TETRAAZOCYCLOOCTANE (HMX) | NV | s
THALLIUM w | s
TOLUENE v [ L 1.0E+03 1.5E+03 1.0E+06 2.9E+06
TOXAPHENE w | s
TPH (gasolines) v [ L 1.3E+02 1.8E+02 1.3E+05 3.7E+05
TPH (middle distillates) v [ L 1.3E+02 1.8E+02 1.3E+05 3.7E+05
TPH (residual fuels) NV L
TRICHLOROBENZENE, 1,2 4- v ]s 2.9E-01 4.9E-01 2.9E+02 9.9E+02
TRICHLOROETHANE, 1,1,1- v | L 1.0E+03 1.5E+03 1.0E+06 2.9E+06
TRICHLOROETHANE, 1,1,2- v | L 4.2E-02 5.8E-02 4.2E+01 1.2E+02
TRICHLOROETHYLENE v | L 1.2E+00 2.0E+00 1.2E+03 4.1E+03
TRICHLOROPHENOL, 2,4,5- w | s
TRICHLOROPHENOL, 2,46- w | s
TRICHLOROPHENOXYACETIC ACID, 2,4,5- (2,4,5-T) w | s
TRICHLOROPHENOXYPROPIONIC ACID, 2,4,5- (24,5TP) | N | s
TRICHLOROPROPANE, 1,2,3- v | L 2.8E-04 4.8E-04 2.8E-01 9.5E-01
TRICHLOROPROPENE, 1,2,3- v | L 6.3E-02 8.8E-02 6.3E+01 1.8E+02
TRIFLURALIN w | s
TRINITROBENZENE, 1,3 5- w | s
TRINITROPHENYLMETHYLNITRAMINE, 2,4,6- (TETRYL) | NV | S
TRINITROTOLUENE, 2,4,6- (TNT) w | s
\VANADIUM w | s
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TABLE C. ENVIRONMENTAL ACTION LEVELS (EALS)
Indoor Air and Soil Gas
(Vapor Intrusion Hazards)

INDOOR AIR 2SHALLOW SOIL GAS
ACTION LEVELS ACTION LEVELS
Commercial/ Commercial/

Physical 'Residential Industrial 'Residential Industrial
CHEMICAL PARAMETER State (ug/m3) (ug/m®) (ug/m3) (ug/m?)
VINYL CHLORIDE \ G 5.5E-01 9.3E-01 5.5E+02 1.9E+03
XYLENES \ L 2.1E+01 2.9E+01 2.1E+04 5.8E+04
ZINC NV
Electrical Conductivity
(mS/cm, USEPA Method 120.1 MOD) not applicable not applicable not apploicable not applicable
Sodium Adsorption Ratio not applicable not applicable not applicable not applicable
Notes:

1. Category "Residential" considered adequate for other sensitive uses (e.g., day-care centers, hospitals, etc.)

2. Soil Gas: Screening levels based on soil gas data collected immediately beneath a building slab or within 1.5 meters (five feet) ground surface in open areas.
Intended for evaluation of potential vapor intrusion hazards.

Soil gas action levels apply to areas that overlie contaminated soil and/or contaminated groundwater.

TPH -Total Petroleum Hydrocarbons. TPH (or equivalent) must be included in analyses for soil gas collected at petroleum release sites, in addition to individual,
targeted VOCs (e.g., BTEX, etc.). See Volume 1, Section 2.6 and Appendix 1, Chapter 5.
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TABLE D. ENVIRONMENTAL ACTION LEVELS (EALS)

'Surface Water Bodies

SURFACE WATER
ACTION LEVELS
Freshwater “Marine “Estuarine
CHEMICAL PARAMETER (ug/t) (ug/t) (ug/t)
ACENAPHTHENE 2.0E+01 2.0E+01 2.0E+01
ACENAPHTHYLENE 3.0E+01 3.0E+01 3.0E+01
ACETONE 1.5E+03 1.5E+03 1.5E+03
ALDRIN 2.6E-05 2.6E-05 2.6E-05
AMETRYN 1.5E+01 1.5E+01 1.5E+01
AMINO 2- DINITROTOLUENE 4,6- 1.5E+01 1.5E+01 1.5E+01
AMINO 4- DINITROTOLUENE 2,6- 1.5E+01 1.5E+01 1.5E+01
ANTHRACENE 7.3E-01 7.3E-01 7.3E-01
ANTIMONY 6.0E+00 5.0E+02 3.0E+01
ARSENIC 1.4E-01 1.4E-01 1.4E-01
ATRAZINE 3.0E+00 2.6E+01 1.26+01
BARIUM 2.0E+02 2.0E+02 2.0E+02
lBENZENE 5.0E+00 1.3E+01 1.3E+01
lBENZO(a)ANTHRACENE 1.8E-02 1.8E-02 1.8E-02
lBENZO(2)PYRENE 1.4E-02 1.4E-02 1.4E-02
[BENZO(b)FLUORANTHENE 1.8E-02 1.8E-02 1.8E-02
lBENZO(g,h,)PERYLENE 1.0E-01 1.0E-01 1.0E-01
lBENZO()FLUORANTHENE 1.8E-02 1.8E-02 1.8E-02
lBERYLLIUM 3.8E-02 3.8E-02 3.8E-02
[[BIPHENYL, 1,1- 5.0E-01 5.0E-01 5.0E-01
[lBIs(2-CHLOROETHYL)ETHER 1.2E-02 4.4E-01 4.4E-01
[lBIs(2-CHLOROISOPROPYL)ETHER 3.2E-01 6.1E+01 6.1E+01
(lBIS(2-ETHYLHEXYL)PHTHALATE 2.2E+00 2.2E+00 2.2E+00
[lBorON 7.3E+03 7.3E+03 7.3E+03
[EROMODICHLOROMETHANE 1.2E-01 3.2E+03 3.2E+03
[EBROMOFORM 8.0E+01 1.4E+02 1.4E+02
BROMOMETHANE 8.7E+00 1.5E+03 1.6E+02
CADMIUM 3.0E+00 9.3E+00 3.0E+00
CARBON TETRACHLORIDE 2.3E+00 2.3E+00 2.3E+00
CHLORDANE (TECHNICAL) 1.6E-05 1.6E-05 1.6E-05
CHLOROANILINE, p- 3.4E-01 5.0E+00 5.0E+00
CHLOROBENZENE 2.5E+01 5.0E+01 2.5E+01
CHLOROETHANE 1.6E+01 1.6E+01 1.6E+01
CHLOROFORM 5.1E+00 5.1E+00 5.1E+00
CHLOROMETHANE 1.8E+00 3.2E+03 3.2E+03
CHLOROPHENOL, 2- 1.8E-01 1.8E-01 1.8E-01
CHROMIUM (Total) 7.4E+01 1.0E+04 7.4E+01
CHROMIUM Iii 7.4E+01 7.4E+01 7.4E+01
CHROMIUM VI 1.1E+01 5.0E+01 1.1E+01
CHRYSENE 1.8E-02 1.8E-02 1.8E-02
COBALT 3.0E+00 3.0E+00 3.0E+00
COPPER 6.0E+00 2.9E+00 2.9E+00
CYANIDE (Free) 5.2E+00 1.0E+00 1.0E+00
CYCLO-1,3,5-TRIMETHYLENE-2,4,6-TRINITRAMINE (RDX) 6.1E-01 1.9E+02 1.9E+02
DALAPON 2.0E+02 3.0E+02 3.0E+02
ID1BENZO(a,n)ANTHTRACENE 9.2E-03 1.8E-02 1.8E-02
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TABLE D. ENVIRONMENTAL ACTION LEVELS (EALS)
'Surface Water Bodies

SURFACE WATER
ACTION LEVELS
Freshwater “Marine “Estuarine

CHEMICAL PARAMETER (ug/t) (ug/t) (ug/t)

DIBROMO, 1,2- CHLOROPROPANE, 3- 4.0E-02 4.0E-02 4.0E-02
[IDIBROMOCHLOROMETHANE 1.6E-01 1.3E+01 1.3E+01
[[DIBROMOETHANE, 1,2- 4.0E-02 1.4E+03 1.4E+03
[IoicHLOROBENZENE, 1,2- 1.0E+01 1.0E+01 1.0E+01
[loicHLOROBENZENE, 1,3- 7.1E+01 6.5E+01 6.5E+01
[IDicHLOROBENZENE, 1,4- 5.0E+00 1.1E+01 1.1E+01
[IDIcHLOROBENZIDINE, 3,3- 7.0E-03 7.0E-03 7.0E-03
[|IDICHLORODIPHENYLDICHLOROETHANE (DDD) 3.1E-04 3.1E-04 3.1E-04
[|IDICHLORODIPHENYLDICHLOROETHYLENE (DDE) 2.2E-04 2.2E-04 2.2E-04
[|IDICHLORODIPHENYLTRICHLOROETHANE (DDT) 8.0E-06 8.0E-06 8.0E-06
[IDICHLOROETHANE, 1,1- 2.4E+00 4.7E+01 4.7E+01
[IDICHLOROETHANE, 1,2- 1.5E-01 7.9E+01 7.9E+01
[IDICHLOROETHYLENE, 1,1- 6.0E-01 6.0E-01 6.0E-01
[IDICHLOROETHYLENE, Cis 1,2- 7.0E+01 5.9E+02 5.9E+02
[IDICHLOROETHYLENE, Trans 1,2- 1.0E+02 2.6E+02 2.6E+02
[loicHLOROPHENOL, 2,4- 3.0E-01 3.0E-01 3.0E-01
[IDICHLOROPHENOXYACETIC ACID (2,4-D) 7.0E+01 4.0E+01 4.0E+01
[loicHLOROPROPANE, 1,2- 5.0E+00 1.0E+01 1.0E+01
[IpicHLOROPROPENE, 1,3- 4.3E-01 4.6E+00 4.6E+00
[[DIELDRIN 2.5E-05 2.5E-05 2.5E-05
[[DIETHYLPHTHALATE 1.5E+00 1.7E+00 1.5E+00
[[DIMETHYLPHENOL, 2,4- 1.2E+02 1.1E+02 1.1E+02
[[DIMETHYLPHTHALATE 1.5E+00 1.7E+00 1.5E+00
[[DINITROBENZENE, 1,3- 3.7E+00 3.0E+01 3.0E+01
[loINITROPHENOL, 2,4- 7.3E+01 7.5E+01 7.5E+01
[[DINITROTOLUENE, 2,4- (2,4-DNT) 2.2E-01 3.0E+00 3.0E+00
[[DINITROTOLUENE, 2,6- (2,6-DNT) 3.7E+01 6.7E+01 4.4E+01
[[DIOXANE, 1,4- 6.7E-01 5.0E+04 5.0E+04
[[Dioxins (TEQ) 5.0E-09 5.0E-09 5.0E-09
lo1uroN 6.0E+01 6.0E+01 6.0E+01
[[ENDOSULFAN 5.6E-02 8.7E-03 8.7E-03
[[ENDRIN 2.3E-03 2.3E-03 2.3E-03
[[ETHANOL 5.0E+04 5.0E+04 5.0E+04
([ETHYLBENZENE 3.0E+01 3.0E+01 3.0E+01
[[FLUORANTHENE 8.1E+00 8.0E+00 8.0E+00

FLUORENE 3.9E+00 3.9E+00 3.9E+00

GLYPHOSATE 6.5E+01 6.5E+01 6.5E+01

HEPTACHLOR 9.0E-05 9.0E-05 9.0E-05
[HEPTACHLOR EPOXIDE 3.9E-05 3.9E-05 3.9E-05
IHEXACHLOROBENZENE 2.4E-04 2.4E-04 2.4E-04
[HEXACHLOROBUTADIENE 8.6E-01 4.7E+00 4.7E+00
[HEXACHLOROCYCLOHEXANE (gamma) LINDANE 2.0E-02 2.0E-02 2.0E-02
[HEXACHLOROETHANE 2.9E+00 2.9E+00 2.9E+00
[[HEXAZINONE 1.2E+03 5.0E+03 5.0E+03
[INDENO(1,2,3-cd)PYRENE 1.8E-02 1.8E-02 1.8E-02
lsoPHORONE 7.1E+01 1.3E+02 1.3E+02
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TABLE D. ENVIRONMENTAL ACTION LEVELS (EALS)
'Surface Water Bodies

SURFACE WATER
ACTION LEVELS
Freshwater “Marine “Estuarine
CHEMICAL PARAMETER (ug/t) (ug/t) (ug/t)
LEAD 1.5E+01 5.6E+00 5.6E+00
[IMERCURY 4.7E-02 2.5E-02 2.5E-02
[IMETHOXYCHLOR 3.0E-02 3.0E-02 3.0E-02
[IMETHYL ETHYL KETONE 7.1E+03 8.4E+03 8.4E+03
[IMETHYL ISOBUTYL KETONE 1.7E+02 1.7E+02 1.7E+02
[IMETHYL MERCURY 3.0E-03 3.0E-03 3.0E-03
[IMETHYL TERT BUTYL ETHER 5.0E+00 1.8E+02 1.8E+02
IMETHYLENE CHLORIDE 4.8E+00 5.9E+02 5.9E+02
IMETHYLNAPHTHALENE, 1- 2.1E+00 2.1E+00 2.1E+00
IMETHYLNAPHTHALENE, 2- 2.1E+00 2.1E+00 2.1E+00
[IMoLYBDENUM 1.8E+02 2.4E+02 2.4E+02
[INAPHTHALENE 1.7E+01 2.1E+01 2.1E+01
[INicKEL 5.0E+00 8.3E+00 5.0E+00
[IN'TROBENZENE 1.2E-01 6.0E+01 6.0E+01
[N TROGLYCERIN 3.7E+00 1.4E+02 1.4E+02
[IN'TROTOLUENE, 2- 6.2E-02 1.0E+03 1.0E+03
[IN'TROTOLUENE, 3- 1.2E+02 3.8E+02 3.8E+02
[INITROTOLUENE, 4- 4.2E+00 1.6E+03 1.6E+03
[lPENTACHLOROPHENOL 1.0E+00 3.0E+00 3.0E+00
[PENTAERYTHRITOLTETRANITRATE (PETN) 1.7E+01 2.2E+04 2.2E+04
lPERCHLORATE 2.6E+01 6.0E+02 6.0E+02
[lPHENANTHRENE 6.3E+00 4.6E+00 4.6E+00
lPHENOL 5.0E+00 1.3E+03 1.3E+03
[[POLYCHLORINATED BIPHENYLS (PCBSs) 7.9E-05 7.9E-05 7.9E-05
lPrROPICONAZOLE 4.2E+01 2.6E+01 2.6E+01
PYRENE 2.0E+00 2.0E+00 2.0E+00
SELENIUM 5.0E+00 7.1E+01 5.0E+00
SILVER 1.0E+00 1.0E+00 1.0E+00
SIMAZINE 4.0E+00 2.0E+00 2.0E+00
STYRENE 1.0E+01 1.1E+01 1.1E+01
TERBACIL 4.7E+02 2.3E+03 2.3E+03
tert-BUTYL ALCOHOL 4.5E+00 1.8E+04 1.8E+04
TETRACHLOROETHANE, 1,1,1,2- 5.2E-01 3.1E+02 3.1E+02
TETRACHLOROETHANE, 1,1,2,2- 6.7E-02 3.5E+00 3.5E+00
TETRACHLOROETHYLENE 2.9E+00 2.9E+00 2.9E+00
TETRACHLOROPHENOL, 2,3,4,6- 1.2E+00 4.0E+00 1.2E+00
TETRANITRO-1,3,5,7-TETRAAZOCYCLOOCTANE (HMX) 3.3E+02 3.3E+02 3.3E+02
THALLIUM 2.0E+00 1.6E+01 1.6E+01
TOLUENE 4.0E+01 4.0E+01 4.0E+01
TOXAPHENE 2.0E-04 2.0E-04 2.0E-04
TPH (gasolines) 1.0E+02 3.7E+03 5.0E+02
TPH (middle distillates) 1.0E+02 6.4E+02 6.4E+02
TPH (residual fuels) 1.0E+02 6.4E+02 6.4E+02
TRICHLOROBENZENE, 1,2,4- 2.5E+01 6.5E+01 2.5E+01
TRICHLOROETHANE, 1,1,1- 6.2E+01 6.2E+01 6.2E+01
TRICHLOROETHANE, 1,1,2- 5.0E+00 1.4E+01 1.4E+01
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TABLE D. ENVIRONMENTAL ACTION LEVELS (EALS)
'Surface Water Bodies

SURFACE WATER
ACTION LEVELS
Freshwater “Marine “Estuarine

CHEMICAL PARAMETER (ug/L) (ug/L) (ug/L)
TRICHLOROETHYLENE 5.0E+00 2.6E+01 2.6E+01
TRICHLOROPHENOL, 2,4,5- 6.3E+01 1.1E+01 1.1E+01
TRICHLOROPHENOL, 2,4,6- 1.2E+00 1.2E+00 1.2E+00
TRICHLOROPHENOXYACETIC ACID, 2,4,5- (2,4,5-T) 3.7E+02 6.9E+02 6.9E+02
TRICHLOROPHENOXYPROPIONIC ACID, 2,4,5- (2,4,5-TP) 3.0E+01 3.0E+01 3.0E+01
TRICHLOROPROPANE, 1,2,3- 6.0E-01 1.4E+01 1.4E+01
TRICHLOROPROPENE, 1,2,3- 6.2E-01 6.2E-01 6.2E-01
TRIFLURALIN 8.7E+00 2.0E+01 2.0E+01
TRINITROBENZENE, 1,3,5- 3.0E+01 3.0E+01 3.0E+01
TRINITROPHENYLMETHYLNITRAMINE, 2,4,6- (TETRYL) 1.5E+02 1.5E+02 1.5E+02
TRINITROTOLUENE, 2,4,6- (TNT) 2.2E+00 2.0E+01 2.0E+01
VANADIUM 1.9E+01 1.9E+01 1.9E+01
VINYL CHLORIDE 2.0E+00 1.7E+02 1.7E+02
XYLENES 2.0E+01 1.0E+02 1.0E+02
ZINC 2.2E+01 8.6E+01 2.2E+01
Electrical Conductivity
(mS/cm, USEPA Method 120.1 MOD) not applicable not applicable not applicable
Sodium Adsorption Ratio not applicable not applicable not applicable
Notes:
1. Compiled for screening of contaminated groundwater that could discharge to surface water. Check with agency overseeing
surface water quality for application to aquatic habitats.
2. Source of Freshwater EALs: Refer to Appendix 1, Table D-2a for basis. Includes consideration of drinking water action levels.
3. Source of Marine EALs: Refer to Appendix 1, Table D-2b for basis.
4. Source of Estuarine EALs: Refer to Appendix 1, Table D-2c for basis.
Surface water action levels lowest of drinking water goal (freshwater only), chronic aquatic habitat goal, goal to address

bioaccumulation in aquatic organisms and subsequent consumption by humans, and general nuisance goal (odors, etc.). Refer to
Chapter 2 of text and Appendix 1 for details.

Estuarine action levels lowest of freshwater and marine action levels.
\W ater EALs for ethanol based on gross contamination concerns (see Appendix 1, Chapter 5 and related tables).

TPH -Total Petroleum Hydrocarbons. TPH EALs must be used in conjunction with EALs for related chemicals (e.g., BTEX, PAHSs,
oxidizers, etc.). See Section 2.6 and Appendix 1, Chapter 5, and HEER office Technical Guidance Manual.
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